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1. Introduction 


The economic importance of technological standards has grown tremendously over the past 
two decades. Because standards are so important, competition between firms in standard-setting 
bodies can be intense. Among the questions that stimulate protracted and energetic debate are 
the extent to which specific technical approaches —which may be covered by patent holdings of 
specific firms—should be mandated in the standard, the relative emphasis on performance and 
cost, and the extent to which the standard should be “backwards compatible” with earlier 
technologies. The process of promoting standards represents significant expenditures for these 
firms and has accelerated as the resources devoted to patenting have increased.! For instance, 
IBM’s standard-development efforts are estimated to have totaled one half-billion dollars in 
2005.2 


Throughout this paper, however, we will focus on SSOs organized by private companies on a 
consensual basis, that is, the de jure standardization process. Firms take part in these 
organizations because coordination frequently has substantial economic benefits. These include 
larger markets with greater economies of scale and the greater ability to sell complementary 
goods. 


The standardization process can be intensely competitive, because of the difficulty of the 
decision-making process and the impact of standards design on firm profitability: 


e Standards are frequently formed at the time of an early stage of a technology’s evolution. 
In many cases, there is a variety of promising alternatives that the standard-setting body 
must choose between. These alternatives may be equally attractive or else their relative 
virtues are still uncertain. 


e The impact on a firm of being included or excluded from an important standard can be 
substantial. For instance, having one’s intellectual property deemed essential to a new 
standard can help insure a steady stream of licensing revenue in future years. A standard 
that demands backwards compatibility can insure ongoing revenues for a legacy product 
for many years. 


As a result, established and new firms alike are willing to devote substantial effort to the 
standardization process. Standard-setting bodies have established a variety of rules to help 
adjudicate this process. This competition manifests itself not just in intense inter-firm interactions 
during the standard-setting process itself, but also in private antitrust litigation between 
competitors after the standardization process is completed. 


This paper seeks to better understand the competitive behavior of firms in standard-setting 
organizations by examining two case studies. We examine the development of mobile Internet 
standards by the Institute of Electrical and Electronics Engineers (IEEE); and the development of 
DSL standards. The case studies highlight that standard-setting bodies play critical roles in these 
industries. Because innovations are typically not promulgated by a single firm, but rather draw 
together technologies developed in multiple firms, the coordination role played by these 
organizations is critical. And certainly in some cases, particularly where parties commit in 





1 Jaffe and Lerner (2004) document that patent filings and litigation have increased approximately three-fold in the past 
two decades. 


2 http:/ / www.forbes.com/2005/09/26/ibm-software-investments-cz_qh_0926ibm.html, March 30, 2006. 


advance to a formal process (such as the xDSL one described below), the standardization process 
can lead to a dispassionate selection of a superior technology as a standard. 


But as the IEEE 802.11 case suggests, the situation is often more complex. For in many cases, 
the selection of a technological standard has very substantial economic implications for the firms 
participating in the process. As a result, the standardization process can become side-tracked as 
warring factions seek to promote their own agenda. The process can be very much delayed as a 
result. Rules of standard-setting bodies that were originally intended to insure a fair process can 
be manipulated by firms to promote their own agenda or even to delay the project indefinitely. 
As a result, firms may be tempted to by-pass formal standards development organizations, and 
instead reach a private agreement with like-minded peers. 


The plan of this paper is as follows. Section 2 reviews the relevant literature. Sections 3 and 4 
present the two case studies. Section 5 draws some lessons from the case studies and concludes 
the paper. 


2. Literature Review 


Despite the copious research on standards, it is striking how little work has addressed the 
question of how standard-setting organizations work in practice. Many of the papers (e.g., 
Farrell and Saloner (1985)) focus on de facto standard setting, where there is no role for an SSO. 
Alternatively, a number of works, both in economics and political science, have focused on 
settings where government bodies adjudicate between the desires of different parties about 
possible standards (e.g., Farrell and Shapiro (1992)).3 In addition, several papers have considered 
which settings (e.g., the extent of buyer and seller concentration and product differentiation) are 
suited to the establishment of standards (for instance, Hemenway (1975)). 


The economics literature on SSOs has largely focused on their role as a forum where 
competitors can resolve conflicts. In Farrell and Saloner (1988), two firms can choose between 
two incompatible technologies. They can do so by repeatedly talking with each other (when 
meeting at the SSO), through product market competition (de facto standard setting in the 
marketplace), or through a hybrid between the two approaches. The SSO in their model is a 
place where the two parties can negotiate, but has no institutional features (e.g., rules governing 
decision-making or requiring concessions from sponsors). Nor would there be a need for more 
than one SSO in this setting, since the features of the SSO do not matter. The authors show that 
the committee process is more likely to arrive at a high-value consensus than product market 
competition, but that it usually takes longer. The hybrid approach is likely to dominate both 
alternatives. 


Farrell (1996) models the standard-setting process as a “war of attrition” between sponsors of 
two competing standards. Each sponsor, all things being equal, prefers her standard to be 
selected and has private information about its quality. Farrell shows that the higher-quality 
technology is ultimately selected, but that the delay is a function of vested interests. Reducing 
vested interests (e.g., by adopting rules that limit the utilization of intellectual property used in 
standards) reduces delay. 





3 Besen and Saloner (1989) discuss non-governmental SSOs, but they focus their more analytic discussions — whether 
entailing the development of new theory or narratives that attempt to relate institutional features to theory —on de facto 
standard-setting activity. 


Simcoe (2003) similarly depicts the standard-setting process as a “war of attrition” between 
multiple parties, each with their own proposed standard. He then corroborates the model using 
standards considered by the Internet Engineering Task Force. Rysman and Simcoe (2005) 
corroborate the importance of SSOs by showing that SSO patents are cited far more frequently 
than a set of control patents, and that SSO patents receive citations for a much longer period of 
time. Furthermore, they find a significant correlation between citation and the disclosure of a 
patent to an SSO, which may imply a marginal impact of disclosure. 


Chiao, Lerner and Tirole (2006) analyze the rules of standard-setting organizations. By so 
doing, they seek to test the theoretical model in Lerner and Tirole (2006). The basic idea is that the 
sponsor of an attractive technology can afford to make few concessions (such as royalty-free 
licensing) to prospective users and to choose an SSO that is relatively friendly to his cause. The 
model thus predicts a negative relationship between the extent to which an SSO is oriented to 
technology sponsors and the concession level required of sponsors. They also show the sponsor- 
friendliness of the selected SSO to be positively associated with the quality of a standard. 


Aside from this work, however, empirical work on SSOs has been dominated by case studies. 
Most relevant to this work is Lehr’s (1996) documentation of the intense jockeying between firms 
in projects at two standard-setting bodies. Sirbu and Zwimpfer (1985) present a case study of 
X.25, which standardized “packet switching” over public networks. Besen and Johnson (1986) 
describe seven cases where SSOs reached consensus on broadcast standards. Weiss and Sirbu 
(1990) examine eleven choices between proposed standards made by standard-setting bodies. An 
older study (1978 and 1983) by the Federal Trade Commission also provides numerous examples. 


Many of these earlier case studies suggest conclusions that anticipate or complement the ones 
drawn in this paper. For instance, Lehr (1996) documents how the apparently minor differences 
in the rules of two SSOs had a substantial impact on the ability of existing incumbents to block 
new standards that they saw as competitive threats. Sirbu and Zwimpfer (1985) highlight the 
manner in which small numbers of firms worked out a private agreement, and then coordinated 
to get the X.25 standard adopted as a formal standard. Weiss and Sirbu (1990) underscore the 
importance of market power and financial resources of a sponsor in getting a technology adopted 
as a standard. 


3. WiFi Standard Case Study 


“In the world of wireless today, you’re either standards-based or you're just not going to win.” 


— Rajeev Chand‘ 


In 2006, the market for Wi-Fi chipsets— which enabled electronic devices to operate with one 
another via wireless communications—was a fast growing $3 billion global market. Some 
analysts were predicting that the global number of Wi-Fi users could reach 271 million by 2008, 
with 177 million of them in the United States.” (Exhibit 1 shows projections for Wi-Fi chipset 
market to 2008.) 


Wi-Fi was the technology that allowed consumers to use their laptops to access the Internet in 
airport lounges and in their favorite coffee shops. More broadly, Wi-Fi was the technology that 





4 Chand, wireless market analyst for venture capital market research firm Rutberg & Co., quoted in, “Wi-Fi To Ultra- 
Wideband: What Wins In Wireless Data,” Wireless Data News, September 10, 2003, http:/ / www.rutbergoco.com/equity- 
research/analyst-quotes-2003.html, April 4, 2006. 


5 Alex Hills, “Smart Wi-Fi Wireless access to the Internet via Wi-Fi is increasingly popular, so the technology is being 
upgraded to ensure that users get prompt, reliable service,” Scientific American, September 26, 2005. 


enabled consumers to transfer information (in the form of data, voice, or video) between 
computers, televisions, video game players and other electronic devices without a physical 
connection. 


In 2006, Wi-Fi chip manufacturers were focused on increasing the range and speed of Wi-Fi 
devices. Wi-Fi devices transmitted and received signals over specific radio frequencies, and had 
an effective range up to 100 meters inside a building. The area within this range was often 
referred to as a “hotspot.” The maximum transmission speed of a Wi-Fi connection was slower 
than a broadband Internet connection, but faster than connections over 3G cellular networks. 


At least three factors were driving growth in the 2006 Wi-Fi market: growing numbers of Wi- 
Fi enabled cell phones; high volume penetration in consumer electronics and potential emergence 
of a whole new range of applications; and a clear commitment to a certain Wi-Fi standard, 
802.11n (the most recent version of the original 802.11 standard first ratified in 1997).° 


In fact, many writers and analysts were suggesting that industry-wide commitment to the 
802.11 standard was instrumental to the development of the Wi-Fi market as a whole. Reflecting 
a widely held belief, a writer for the Economist noted, “What ultimately got Wi-Fi moving was the 
creation of an industry-wide standard.”’ This standard, the so-called 802.11 standard, specified 
the technology to be used for over-the-air interfaces between a client (e.g., laptop) and an access 
point (e.g., broadband connection) and between two or more wireless components (laptop and a 
printer). 


The 802.11 standard was developed within the U.S.-based Institute of Electrical and 
Electronics Engineers (IEEE), a global standards setting organization with 365,000 members from 
over 150 countries. The IEEE had responsibility for 900 standards, covering a range of 
technologies. The IEEE was a non-profit organization and, according to its website, a leading 
professional association for the advancement of technology. (See Exhibit 2 for history and 
background on the IEEE, Exhibit 3 for a list of other 802.11x standards.) 


This case focuses on market forces that shaped the development of Wi-Fi standards within the 
IEEE over a 16-year period, 1990-2006.8 


Background on Wi-Fi 


Wi-Fi was a type of local area network, or LAN. Originally, LANs were networks of office 
equipment in businesses and schools. For example, a small business in the 1970s might have had 
a LAN comprised of five computers connected to a single printer. This LAN would have used a 





6 “WiFi and WiMax Chipset Market,” Frost & Sullivan, August 3, 2005. 
7“ & Brief History of Wi-Fi,” The Economist, June 10, 2004, www.economist.com, March 26, 2006. 


8 Two points about terminology: the original 802.11 standard was ratified in 1997 and was upgraded in subsequent years 
to address issues, such as security, and to accommodate technology improvements available in the market. The standard 
setting organization behind this standard, the Institute of Electrical and Electronics Engineers (IEEE), claims that 
subsequent upgrades are considered legacy versions of the original standard. So, according to the IEEE, there is but one 
standard. All legacy versions of the Wi-Fi standard share a common number system 802.11. Point number two: The term 
“Wi-Fi” was coined by an industry consortium, WECA, which was backing the 802.11b standard. This consortium 
intended the term “Wi-Fi” to refer only to the 802.11b standard. However, by the year 2006, consumers and many 
industry players had co-opted the term, and used “Wi-Fi” as shorthand for “Wireless Fidelity” and “WLAN”. In this case, 
we adopt the popular use of “Wi-Fi.” 


cable to connect the five computers to the printer. At that time, the only method of 
communication between a computer and a printer was via a wire connection. 


In 1985, a Federal Communications Commission (FCC) engineer, Michael Marcus, convinced 
the FCC to set aside space on several radio frequency bands (900 MHz, 2.4 GHz, and 5 GHz) for 
use by the communications industry. These three radio bands — so-called ‘garbage bands’ — were 
carved out of the Instrument, Medical and Scientific bandwidth, which was used for medical 
equipment, scientific instruments, and certain consumer products, such as microwave ovens, 
which used radio waves to heat food. The FCC agreed to allow the communications industry to 
use these three radio bands, without requiring licenses, so long as industry participants utilized a 
special technology for avoiding interference with other devices that might be operating in the 
same part of the radio spectrum. 


A few companies began using the garbage bands to develop proprietary wireless equipment 
for LANs (WLANs or wireless LANs). None of these early proprietary devices, however, could 
be used with proprietary equipment from any other wireless LAN manufacturer. In 1988, the first 
steps toward a wireless standard were taken by NCR Corporation, which wanted to use the 
unlicensed spectrum to link together cash registers. An NCR engineer, Victor Hayes, and Bruce 
Tuch of Bell Labs approached the IEEE for help in developing a wireless standard. The IEEE was 
chosen because it had had experience defining the Ethernet standard.? 


Working within the IEEE” 


Within the IEEE, competing firms and their engineers worked with and against each other on 
802.11 standards committees to approve technologies to be incorporated into a given standard. 
Building industry-wide commitment to a wireless standard acceptable to a clear majority was a 
political feat that would have to be achieved with passage of each new version of the 802.11 
standard. 


Any individual with an interest in engineering or computer science was eligible to join the 
IEEE, and many members traced their membership back to their student days when many were 
first exposed to professional organizations such as the IEEE through their courses and faculty. 
Individual annual membership cost $156 in 2005; for an additional $36 per year, an IEEE member 
could join the IEEE Standards Association (IEEE-SA) and participate in the standards-setting 
process. Corporations also were eligible to join the IEEE-SA; in fact many received 
complimentary individual memberships to encourage participation. In 2005, IEEE-SA had 20,000 
members and conducted roughly 200 standards ballots. 


Standards Development at the IEEE-SA™ 


Through an open process evolved over a century, the IEEE created consensus standards. This 
process had led to an active portfolio of over 900 completed standards, recommended practices, 
and guides (all called “standards”) and more than 400 projects in development, clustered 





9” A Brief History of Wi-Fi,” The Economist, June 10, 2004, www.economist.com, March 26, 2006. 


10 This section draws in part on Thomas Eisenmann and Lauren Barley, “Atheros Communications,” HBS Case No. 806- 
093 (Boston, MA: Harvard Business School Publishing, 2006). 


11 This section draws in part on “Standards Development at the JEEE-SA,” no date, 
http:/ /standards.ieee.org/announcements/bkgnd_stdsprocess.html, March 24, 2006. 


primarily in the fields of information technology, telecommunications and energy and power. 
The groups’ stated primary goal was “clearing the way to commercialize a technology, allowing 
for interoperability, rapid design, and easy installation and testing, as well as protection for users 
and the environment.”!? IEEE standards development was guided by a set of five basic 
principles: due process, openness, consensus, balance and right of appeal. These were meant to 
ensure fairness and good standards practice during the development cycle, and help validate 
approved standards (Exhibit 4 outlines these principles in greater detail). 


How Standards Were Developed A standard began with a project idea, or a project 
authorization request (PAR), usually sponsored by the IEEE Society responsible for the scope and 
content of the proposed standard in the form of a study group.’ Before taking on a new 
standard, the IEEE Standards Board determined if it was needed and if enough volunteers were 
likely to step forward to develop it. The document to be produced could be one of three things: a 
standard containing mandatory requirements, a recommended practice outlining preferred 
procedures, or a guide offering suggestions for working with a technology. Projects involved 
either new standards, revisions of existing standards or amendments to existing standards.'° The 
IEEE Standards Board approved a PAR based on a review by its New Standards Committee.!° 


Once PAR approval was received, the study group became a working group. Working groups 
were open to the public with well-publicized procedures regarding membership, voting, officers, 
recordkeeping and other areas.” Agendas for working group meetings were distributed 
beforehand and deliberations were publicly available, usually through meeting minutes. 


Once the sponsor decided the draft of the full standard was stable, balloting could begin and 
the sponsor formed a balloting group containing persons interested in the standard. (While 
anyone could contribute comments, the only votes that counted toward approval were those of 
the eligible members of the balloting group.) Balloters usually fell into one of three classes: 
producers, users or general interest.!® Balloting was supposed to be a balanced process that 





12 “Standards Development at the TEEE-SA,” no date, 
http:/ /standards.ieee.org/announcements/bkgnd_stdsprocess.html, March 24, 2006. 


13 According to the IEEE, these principles had special import for their organization because the U.S. Department of Justice 
has held that standards organizations are responsible for the actions of their standards developers. “Standards 
Development at the IEEE-SA,” no date, http://standards.ieee.org/announcements/bkgnd_stdsprocess.html, March 24, 
2006. 


14 Tf an idea interested more than one society, it could be sponsored by a Standards Coordinating Committee set up by the 
IEEE Standards Board. 


15 Standards have a five-year life, or in the case of trial-use standards, two years, after which they can be considered for 
full status or revised. 


16 These were held at quarterly IEEE Standards Board meetings or by a continuous approval process, which allowed for 
approval of standard projects outside of scheduled meetings. 


af Acquiring working group membership entailed participation—at least 75% presence. For new working groups, 
participating in the initial meeting conferred membership; for existing working groups, after attending 2 of the last 4 
plenary sessions or 1 plenary and 1 interim session, membership started at the next plenary session attended. 


18 General interest was a broad category that could include government officials, consultants and end users. No interest 
category could comprise over one-half of the balloting group. 


prevented any one group or company from dominating; the goal was to gain the greatest 
consensus. Some noted, however, that large companies—with the complimentary individual 
membership they received —could often “pack” a group. As one industry executive noted, it was 
easy for a large company to send blocks of people to meetings, while smaller firms often could 
not afford such an expense.!? A standard passed if at least 75% of all ballots from a balloting 
group were returned and if 75% of those returned bore a “yes” vote.”° 


Ballots usually lasted 30 to 60 days. Balloters could approve, disapprove, or abstain. Approval 
or disapproval could be accompanied by comments. Editorial comments were often 
straightforward; changes to the standard based on technical comments were then re-circulated. 
Comments made by disapproval votes could be accepted into the standard; these votes were then 
moved into the approved category (with the agreement of the voter). 


Approval, Publication and Beyond The IEEE Standards Board approved or 
disapproved standards based on the recommendation of its Standards Review Committee. As 
with PARs, completed draft standards came before the Board four times a year or during the 
continuous approval process. After approval, the standard was edited by an IEEE-SA editor, 
given a final review by the members of the working group, and published.” A standard was 
valid for five years from its publication date. During this time, a working group could develop 
and ballot revisions or extensions to the standard, which were appended as amendments. After 
five years, a standard was reaffirmed, revised or withdrawn.” On occasion, the IEEE was asked 
to clarify how to apply or interpret the meaning of a given standard. An official interpretations 
subgroup would be formed to formally address such requests on an ad hoc basis. 


Within the IEEE organization, 802 sat under the umbrella of the organization’s 25 Societies 
and Councils within the IEEE’s standardization activities layer (Exhibit 5 provides a chart of the 
IEEE’s Standards Organization). 802.11 was one of many standards within the 802 group, and 
referred to a family of standards developed by working group 11 of the IEEE LAN/MAN 
Standards Committee (IEEE 802), which governed radio frequency (RF) wireless networking.” 





19 Rich Redfelds, former Atheros CEO, cited in Eisenmann and Barley (2006). 
20 Tf ballot returns of 30% were abstentions, the ballot failed. 


al Anyone could appeal actions and decisions made during the process at any time. Before IEEE-SA Standards Board 
approval, complaints were handled by the sponsor. After approval, they were handled by the IEEE-SA Standards Board if 
the issue was procedural or by the sponsor if the issue was technical. 


22 Once a standard was in use, there might be a need to clarify some portions of it. This was done through an 
interpretations process based on questions officially submitted to the IEEE-SA. Interpretations were prepared by the 
sponsor. Completed interpretations were published on the IEEE-SA website, within a standard, or in a separate 
interpretations volume. 


23 Reaffirmation occurred when there was no need to update the standard or its amendments. During the process, the 
entire document was open for comment. Balloters voted for acceptance of the entire document as is. If the ballot failed, a 
revision was usually recommended. A reaffirmation ballot called for the formation of a balanced ballot body and 
consensus approval (75% return and 75% approval). After approval by the Standards Board, the standard remained in 
force for another five years. Revisions required PAR approval and followed the normal balloting process (75% return and 
75% approval) and approval by the Standards Board. Out-of-date standards could be withdrawn by going through a 
balloting process that required a 50% return and a 75% approval rate. 


24 See Eisenmann and Barley (2006). 


IEEE 802 had five distinct criteria standards proposals had to meet; these included broad market 
potential, compatibility, distinct identity, technical feasibility, and economic feasibility. 


Standard Setting Process and Patents Companies were encouraged to disclose patents 
that might be relevant to a standard under development. The working group chair was instructed 
to advise the membership of IEEE patent policy, which included showing slides from the IEEE- 
SA’s Standards Board Bylaws on Patents in Standards presentation at the beginning of each 
meeting (Exhibit 6 provides examples of these slides). According to IEEE-SA Bylaws, IEEE 
standards could include the known use of essential patents and patent applications, provided the 
IEEE received assurance from the patent holder or applicant “with respect to patents whose 
infringement is, or in the case of patent applications, potential future infringement the applicant 
asserts will be, unavoidable in a compliant implementation of either mandatory or optional 
portions of the standard [essential patents]. This assurance shall be provided without coercion.””5 
This assurance was required to be either: 


e A general disclaimer to the effect that the patentee will not enforce any of its present or 
future patent(s) whose use would be required to implement either mandatory or optional 
portions of the proposed IEEE standard against any person or entity complying with the 
standard; or 


e A statement that a license for such implementation will be made available without 
compensation or under reasonable rates, with reasonable terms and conditions that are 
demonstrably free of any unfair discrimination. 


Assurance was to be provided “as soon as reasonably feasible in the standards development 
process,” and no later than approval of the standard. The IEEE maintained a database of patents, 
which listed IEEE Standards for which Letters of Assurance had been received from patent 
owners in accordance with IEEE-SA Standards Board Patent Policy. However, the IEEE was not 
responsible for identifying patents or patent applications for which a license might be required to 
implement an IEEE standard or for conducting inquiries into the legal validity or scope of those 
patents that were brought to its attention. 


802.11 and the IEEE 


Development of the 802.11 standard began in earnest in 1990-91 when the IEEE formed its 
802.11 standards group with NCR’s Mr. Hayes as its chairman. As noted above, the IEEE 
accommodated participant interests via a set of committees and working groups, which 
approved technical specifications by a voting majority. The first standard was not ratified until 
1997, as a fragmented market populated by small players took some time to agree on a standard, 
despite their shared belief that buyers would be more likely to adopt the technology if they were 
not “locked in” to a particular vendor’s products.”° 


When IEEE announced the 802.11 standard, observers identified several problems: it was 
slower than wired Ethernet connections and it allowed data transmission in three different 
modes (infrared, direct sequence spread spectrum, and frequency hopping), which made 
interoperability more complex. One senior executive explained, “The IEEE is a very political 


25 TEEE-SA Standards Bylaws, http:/ /standards.ieee.org/guides/bylaws/sect6-7.html#6, (May 4, 2006). 
26 “A Brief History of Wi-Fi,” The Economist, June 10, 2004, www.economist.com, March 23, 2006. 
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body, and often what happens when they can’t get a resolution between option A or option B is 
that they approve both, which can be the worst answer of all.”? He added: 


The problem with standards is that they are written specifications, subject to 
interpretation. After a standard is approved, there is a period of time in which the industry 
solidifies its interpretation of that standard. Often there is an 800lb gorilla in the market, 
like Intel, which interprets the standard its own way, and the rest of the industry falls in 
line with that interpretation. But with 802.11 there wasn’t an 800lb gorilla for everyone to 
follow, so there were multiple interpretations of the standard, which resulted in 
incompatibility.?8 


802.11/a/b/g 


By 1998, it was becoming apparent to market watchers that Wi-Fi was going to have a large 
impact on the telecom and information technology sectors. At that time, industry heavyweights 
such as Texas Instruments and 3Com, were positioning themselves for the next round of 802.11 
standard setting. Two new standards were ratified by early 2000: 802.11a and 802.11b. The 
802.11b standard provided specifications for wireless devices operating in the 2.4 GHz spectrum. 
The 802.11a standard provided technical specifications for wireless devices operating in the 5 
GHz band. Initially, the optimal throughput speeds were higher with devices using the 802.11a 
standard (54 Mbps) than with the 802.11b standard (11 Mbps); however 802.11a devices had a 
less effective range than 802.11b devices. 


802.11b 


Chip makers seized first upon the 802.11b standard. There was already a market for 
embedded devices that operated in the 2.4 GHz band, including microwaves, phones, and 
personal digital assistants. Lucent Technologies and Intersil Corporation were the primary 
industry players involved in developing the IEEE 802.11b standard.” A separate group of 
leading industry participants—led by 3Com—formed the Wireless Ethernet Compatibility 
Alliance (WECA) to develop a shared interpretation of the 802.11b standard—contained in a 
dense 400 page document— that would avoid interoperability issues.*° 


Several major software and computer makers quickly lined up behind the new 802.11b 
standard, some even before the standard was completely ratified. In July 1999, for example, 
Apple introduced a Lucent technology-based Wi-Fi option on its new iBook computers. “And 
that completely changed the map for wireless networking,” said Greg Raleigh of Airgo, a 
wireless start-up based in Palo Alto, California.*! By 2001, Microsoft had switched from the 





27 Rich Redelf, CEO of Atheros Communications, cited in Tom Eisenmann and Nicole Tempest, “Atheros 
Communications” Harvard Business School Case No. 9-802-073, (Boston, MA: Harvard Business School Publishing, 2001). 


28 Eisenmann and Tempest (2001). 


29 Primarily, Richard van Nee of Lucent and Mark Webster of Intersil (then Harris Semiconductor). “A Brief History of 
Wi-Fi,” The Economist, June 10, 2004, www.economist.com, March 24, 2006. 


30 WECA changed its name to the Wi-Fi Alliance in October 2002. 


31” A Brief History of Wi-Fi,” The Economist, June 10, 2004, www.economist.com, March 24, 2006. 
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Bluetooth wireless standard to the 802.11b standard for its PocketPCs, TabletPCs and home 
entertainment products.” Intel adopted 802.11b in March 2001, abandoning Proxim’s HomeRF, a 
lower-speed technology standard that had the backing of over 50 companies in the personal 
computer, consumer electronics, peripherals, software and semiconductor industries, including 
Compaq, Motorola, and Siemens.*° 


The wide-spread adoption of the open standard 802.11b left the market vulnerable to security 
issues that had not been eliminated in the early versions of the standard. 


802.11a 


The 802.11a standard was slower to garner industry backing, even though fewer devices 
operated in the 5 GHz band. Among industry players, this advantage (less interference) was 
outweighed by disadvantages associated with operating in the 5 GHz frequency (limited range) 
and the fact that the 802.11a wireless technology (Orthogonal Frequency Division Multiplexing or 
OFDM) was a relatively unproven technology. 


In fact, by the time 802.11a products started shipping in 2001, 802.11b products had already 
been widely adopted. Moreover, early versions of 802.11a products were flawed. One of the first 
movers in this market, Atheros, eventually refined its 802.11a technology to produce an effective 
range comparable to that of 802.11b. Atheros also tried to expand the market for its wireless 
technology by working within the IEEE to have it incorporate OFDM technology into the next 
generation 802.11g standard. 


802.11¢ 


Between 2000 and 2003, IEEE worked on the next generation 802.11¢ standard. The aim of the 
so-called “11g” standard was to be interoperable with (or have backward compatibility with) 
802.11b devices, and specify technologies that delivered faster data throughput than both 802.11la 
and 802.11b devices. 


Unlike the 802.11b standards making process, which saw Lucent and Intersil engineers 
working together to create a mutually acceptable standard, the 802.11g standards process was an 
extended political battle, primarily between Intersil and Texas Instruments. Each had a 
competing technology that it wanted incorporated into the 11g standard: Intersil was advocating 
(OFDM) modulation, a technology already in use in the 802.1la space; Texas Instruments (TT), 
was promoting its own proprietary Packet Binary Convolution Coding (PBCC) technology, 
which was compatible with the 802.11b standard. 


A May 2001 IEEE meeting revealed the type of political wrangling engaged in by TI and 
Intersil. In a preliminary round of voting, a majority of the IEEE’s 802.11g Task Force rejected TI's 
proposal to include PBCC in the 802.11g standard. The 802.11g task force was headed by 





32 The Bluetooth standard was originally developed by Ericcson in 1994 as a short-range low-cost wireless standard that 
connected laptops, mobile phones and other portable devices. In 1998, Ericsson partnered with IBM, Nokia, Toshiba and 
Intel. Bluetooth and HomeRF represented different levels of competition to 802.11b-based technologies. Bluetooth had 
finite speeds and limited range, and found a niche market suited to those limitations in the consumer domain (wireless 
headsets, for example). HomeRF also had a low-speed capability relative to 802.11b. 


33 Eisenmann and Tempest (2001). Also, Dave Nadig, “Can you kiss 3G Goodbye and still make a buck?” TheStreet.com, 
April, 10, 2001, www.thestreet.com, March 18, 2006. 
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Matthew B. Shoemake, an official at Dallas-based Alantro Communications, a Texas Instruments 
subsidiary.*4 According to one report, this is what happened next: 


According to officials from Irvine, Calif.-based Intersil, .11g Task Force Chairman 
Matthew B. Shoemake, Ph.D., ruled that Intersil’s OFDM would no longer be considered 
because the proposal couldn’t muster the support of 75 percent of the group—the 
mandatory threshold. [...] If OFDM were eliminated for consideration by the IEEE, the 
Task Force would have been forced to essentially go back to the drawing board, requesting 
new proposals be resubmitted. But citing statutes from the IEEE Proposal Selection 
Process, Jim Zyren, Director of Marketing at Intersil’s PRISM Wireless Products business, 
appealed the chairman’s ruling. Zyren’s appeal was subsequently upheld; however, after 
the two-hour debate, no time was left for voting.” 


An industry participant added: 


With 802.11b, we had two proposals that had common ground. OFDM is a multiple- 
carrier proposal. PBCC is a single-carrier proposal. It is very difficult to find common 
ground because the two proposals are so different. No mutually acceptable compromise 
position has been identified.36 


As the 802.11g standard was being developed, several companies began producing pre-11g 
devices that did not interoperate effectively. “Vendors took advantage of unsuspecting buyers 
when they touted pre-standard technology for 802.11g that later did not meet the standard,” said 
Ken Dulaney, wireless analyst with Gartner.?” He noted: 


There were huge problems with the early devices (but not the underlying chips) 
because the standard was in flux: it didn’t get finalized until summer, and I saw enormous 
interoperability problems between Apple and Linksys equipment even though they were 
practically the same reference design. Despite the several firmware upgrades required to 
reach stable interoperable status in summer, consumers apparently liked the higher speeds 
enough. However, an important point is that the first silicon Broadcom shipped in 
December 2002 was firmware upgradeable to the final 802.11g standard, a standard that 
Broadcom helped shape but was in no position to dictate. [...] This helped anoint 
Broadcom in the Wi-Fi space, and was another push for Atheros to leave its 802.11a-only 
roots and become a fierce competitor through feature differentiation in the 802.11g 
market.’ 


During all of the political wrangling that preceded 802.11¢’s ratification, several firms began 
working on combo chips that incorporated both 802.11a and 802.11b on a single chip. As the price 





34 Texas Instruments purchased Alantro in Summer 2000, according to Bob Liu, “IEEE Unable to agree on 802.11g 
Standards,” wifiplanet.com, May 17, 2001, http:// www.wi-fiplanet.com/news/article.php/782961, April 14, 2006. 


35 Liu (2001). 
36 Liu (2001). 
37 Lynnette Luna, “Vendors not waiting for 802.11n,” Mobile Radio Technology April 1, 2005. 


38 From Glenn Fleishman, “Brinksmanship in 802.11n,” wifinetnews, March 15, 2006, http://www.wifinetnews.com/ 
March 25, 2006. 
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dropped for each type of chipset, that is 802.11a and 802.11b and 802.11g chipsets, the cost of 
putting them all into one chip was becoming economically feasible. For end-users, a chip that can 
handle any 802.11 might amount to only an “extra $10 or $15 bucks,” said Redelfs. Ed Sperling, 
editor in chief of Electronic News added, “Most vendors will likely support all the standards, 
including even Bluetooth. They don’t care what the customer wants they'll give them everything 
rather than confuse them, the cost of chip is nothing. It doesn’t add that much to cost of device.”%? 


The 11g standard was finally approved in September 2002. It was a hard-won success that 
reflected a compromise between Intersil and TI. One industry observer described the 
compromise: 


To finally get 802.11g out the door, by agreeing to disagree after years of 802.11 
committee fights finally proved that neither one could get enough committee votes to get 
its own pet 22Mbps solution official 802.11g blessing. The end result is that 802.11¢ is a 
compromise incorporating no fewer than four different wireless standards. For 802.11b 
compatibility, 802.11g incorporates 802.11b’s Complementary Code Keying (CCK) to 
achieve bit transfer rates of 5.5 and 11Mbps in the 2.4GHz band. In addition, 802.11g 
adopts 802.11a’s Orthogonal Frequency Division Multiplexing (OFDM) for 54Mbps speeds 
but in the 2.4GHz range.*° 


The Next Generation: 802.11n 


Several firms worked to increase the physical transfer rate of 802.11 wireless systems as part 
of the development of the next generation standard (to succeed 802.11g). Some placed their bets 
on a promising technology called MIMO (multiple input multiple output), or smart antenna 
systems, which used multiple antenna systems for both the transmitter and the receiver. To 
improve performance, MIMO used multiple signals transmitted into the wireless medium and 
multiple signals received from the wireless medium.*! MIMO technology extended the range and 
bandwidth of Wi-Fi. The technology could boost bandwidth to more than 100Mbps, doubling or 
even tripling the range of 802.11g products.“ Many saw this as taking Wi-Fi well beyond the 
current domain of WLAN —transferring data between computers—and moving the technology 
into a much broader market, enabling the transfer of video, audio and data between any number 
of devices, including televisions and cell phones. 





39 Tn 2006, most laptops were shipped with combo chips that included all three standards. 


40 Steven J. Vaughan-Nichols, “802.11g: The Next Best Thing or the Next Last Thing,” wi-fi planet.com, September 30, 2002, 
http://www.wi-fiplanet.com/columns/article.php/1472641, April 14, 2006. 


41 MIMO used multiple diverse antennas tuned to the same channel, each transmitting with different spatial 
characteristics. Every receiver listens for signals from every transmitter, enabling path diversity where multi-path 
reflections (normally disruptive to signal recovery) may be recombined to enhance the desired signals. “802.11 Standard 
for WLAN — Intel in Standards,” no date, http://www.intel.com/standards/case/case_802_11.htm, March 22, 2006. 


42 Throughput rates in excess of 100 Mbps would extend WLAN to new applications that previously could only be served 
by wired LANs, for example, the simultaneous transmission of multiple high definition television (HDTV) signals (each 
of which required about 25 Mbps). See Eisenmann and Barley (2006). 


43 Tam Harbert, “Standards Bottleneck,” Electronic Business, vol. 32, no. 2, February 1, 2006, www.electronicbusiness.com, 
March 23, 2006. 
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MIMO and 802.11n 


With multiple antennas, MIMO used spectrum more efficiently without sacrificing 
performance. It also provided the benefit of Spatial Division Multiplexing (SDM) which spatially 
multiplexes multiple independent data streams (essentially virtual channels) simultaneously 
within one spectral channel of bandwidth. Intel claimed MIMO SDM could significantly increase 
data throughput as the number of resolved spatial data streams was increased. However, MIMO 
technology required a separate radio frequency (RF) chain and analog-to-digital converter for 
each MIMO antenna; where more than two RF antenna chains were needed, keeping costs down 
while maintaining performance expectations would be key. 


The IEEE’s Task Group n (TGn), formed in mid-2003, investigated ways to increase 
transmission rates beyond 100Mbps and extend transmission ranges. The group worked to define 
modifications to the layers (Physical Layer and Media Access Control Layer PHY/MAC) that 
delivered a minimum of 100Mbps throughput at the MAC service access point (MAC SAP), 
approximately quadrupling 802.11/g network throughput performance.** Additionally, range at 
given throughputs, robustness to interference, and an improved and more uniform service within 
the coverage of an access point were improved. Some projected that wider bandwidth channels 
and multiple antenna configurations could lead to data rates of 500Mbps. Smooth transition to 
the next generation standard, as well as backwards compatibility with existing IEEE WLAN 
solutions was also ensured. The task group committee responsible for the core documents being 
used to guide the group’s development of the 802.11n standard was chaired by Intel, who 
contributed to the development of channel models, usage models, functional requirements, and 
comparison criteria. 


The benefits offered by MIMO-—particularly the promise of greater range and speeds of 
transmission at 100Mbps — made setting the standard all the more contentious, with stakeholders 
battling to ensure the standard contained all the necessary features for consumer electronic 
devices and mobile handsets. In fact, many believed that 802.11n and MIMO would generate the 
next spike in WLAN revenues, so the stakes were high. IDC predicted that shipments would 
grow from 3.6 million units in 2005, to 113 million units by 2009 (about the 2006 level of 802.11g 
shipments), reaching revenues of more than $900 million.*° As one report noted, “The size and 
breadth of this potential market has made the battle over 802.11n a fight over more than just a 
standard.”*” All agreed the stakes were very high; “This is really about creating an ecosystem that 
will allow the unification of the digital home,” an IDC analyst said. “So getting this out to 
consumers, rather than waiting for the IEEE, is the priority.”48 





44 According to Intel, over-the-air throughput was targeted to exceed 200Mbps to meet the 100Mbps MAC SAP 
throughput requirement. 


4 Intel also helped coauthor the Wi-Fi Alliance’s marketing requirement documents (MRD) for High Throughput 
WLANs. 


46 Harbert (2006). 
47 Harbert (2006). 


48 Harbert (2006). 
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Joint Proposal Group* 


With the possible market advantages promised by MIMO and 802.11n, semiconductor groups 
“chomped at the bit” to sell MIMO chips to the growing market. The IEEE first called for 
proposals for the standard in May 2004. Of the 40 proposals, two main groups emerged over the 
next year — Task Group n (TGn) and World-Wide Spectrum Efficiency Group (WWiSE) — but “the 
process bogged down,” as the two factions spent a year merely “developing a process for 
presenting and evaluating proposals.” Given the stalemate experienced with 802.11g, however, 
some group members felt that while “boring,” this was “necessary work.”>! The 802.11g standard 
had just been announced, however, so the working group was “resource constrained,” making 
progress slow. “Everyone was too busy engineering their first 11g products to devote resources 
to planning for 11n.”°? 


Individual company intellectual property policies played a role as well. WWiSE originally 
embraced a licensing policy called “RAND-Zero.” With RAND-Zero, according to an Atheros 
manager, “reasonable” compensation for intellectual property meant “zero” royalties. Unusual 
alliances were formed between companies that had previously battled over 802.11g approval. 
Former big 802.11b players such as Intersil and Texas Instruments, who had lost the 802.11g 
market to competitors such as Broadcom and Atheros, hoped a new standard could help them 
gain a market edge, “by leveling the playing field and providing free access to the leading 
players’ intellectual property.” Companies with “lots of R&D” like Intel, Sony, Toshiba, and 
Atheros, however, found it difficult to embrace RAND-Zero, so a second group—TGn Sync — was 
formed, as the Atheros manager recalled.°t Companies like Motorola and Qualcomm with no 
current 802.11 products also entered the fray, joining TGn as an extension of their interest in 
Ultra-Wide Band (UWB). The TGn Sync alliance gained momentum and seemed likely to be 
confirmed at the next meeting. 


The 22 companies in each of the two groups were then asked to form a Joint Proposal Group 
(JPG) and work toward compromise. As the process stalled, with no consensus vote in the JPG, a 
group of influential semiconductor companies formed a third group (members were drawn from 
both WWiSE and TGn), taking on the name Enhanced Wireless Consortium (EWC). This group 





49 This section draws in part on Harbert (2006). 


50 See Peter Judge, “MIMO super-group creates discord. Airgo and Nokia say the Intel-backed group misses the point of 
MIMO,” Techworld, October 10, 2005, www.techworld.com, March 28, 2006; and Harbert (2006). Task Group N (TGn) 
included Intel, Qualcomm, Toshiba, Sony and others; the World-Wide Spectrum Efficiency (WWiSE) included Texas 
Instruments, Broadcom, Nokia, Motorola and Airgo Networks. See Hannibal, “Where’s our 100Mbps+ 802.11n hardware? 
It’s locked up in committee,” arstechnica.com, October 14, 2005, www.artechnica.com/news.ars/post/20051014- 
5434.html, March 25, 2006. 


51 Atheros product marketing manager, cited in Eisenmann and Barley (2006). 
52 Atheros product marketing manager, cited in Eisenmann and Barley (2006). 
53 Atheros product marketing manager, cited in Eisenmann and Barley (2006). 
54 Eisenmann and Barley (2006) 


55 See Eisenmann and Barley (2006). UWB was an emerging IEEE 802.16 wireless standard for very high-speed 
(maximum 480 Mbps) data communications over very short distances (20 meters). 
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had conducted interoperability tests in preparation for the unratified standard; rather than face 
more lag time, they banded together and began promoting their own specifications for the 
standard, working outside IEEE approval. 


The EWC, led by Intel, broke off “supposedly out of frustration with the existing impasse.” 
One report noted, “It looked like EWC’s plan is to put forth its own 802.11n proposal and then 
force the IEEE committee’s hand by having its members implement the proposal and begin 
selling hardware based on it, regardless of whether the EWC-backed proposal has officially been 
approved by the standards body.”°° And in fact, the EWC individually circulated their proposal 
to members of the JPG, circumventing the usual IEEE process where a merged proposal would be 
hashed out in deliberations at a JPG meeting, and, according to Airgo’s CEO, “weakening the 
effort for a consensus discussion within the official group.”°” A November IEEE meeting saw a 
near compromise between the JPG and the EWC, however the proposal did not go to vote. Both 
groups felt there was a greater need for several additional technical details that would 
accommodate the needs of mobile handset makers and consumer electronics manufacturers.°° 


EWC: Jockeying for Market Position? Or a Natural Market Alignment? 


“Not everyone is happy with this group becoming public, but then no one is happy with everyone all of 
the time.” 


— Anonymous administrator for TGnSync%? 


Forming a break-out group like the EWC was unusual, “raising eyebrows in the standards 
community,” as one reporter put it. The five semiconductor companies that formed the 
consortium included Atheros, Broadcom, Conexant, Intel and Marvell. These companies together 
held more than 90% of the market for the latest generation Wi-Fi chip sets. The EWC quickly 
grew to nearly 50 members, representing a significant portion of the industry; as an IDC analyst 
noted, “Given the sheer numbers of companies across a broad swath of the industry, will these 
guys have enough power to forge ahead without the IEEE?” 61 


Some claimed the EWC’s consortium and rejection of the IEEE’s JPG proposals amounted to a 
form of hijack of the process, which even a EWC member acknowledged: “When you have 90 
percent of the people doing it one way, that’s the way it’s going to go. [...] We've kind of got a 





56 See Hannibal, “Where’s our 100Mbps+ 802.11n hardware? It’s locked up in committee,” arstechnica.com, October 14, 
2005, www.artechnica.com/news.ars/post/20051014-5434.html, March 25, 2006. 


57 Greg Raleigh, cited in Judge (2005) 


58 Including space-time block coding, which would extend the standard’s range to improve the connectivity of handsets 
to base stations and include advanced power-saving features; transmit “beamforming,” which would help accommodate 
different bandwidths required by different types of devices; and other range-extending technologies. 


59 Cited in Judge (2005). 
60 Harbert (2006). 


61 Celeste Crystal, senior research analyst at IDC, cited in Harbert (2006). 
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stranglehold on the IEEE.” Others claimed, however, that the EWC formed because the JPG was 
“bogged down in politics.” One member complained the group spent two months just discussing 
voting rules. Further, he noted, some JPG companies were more interested in slowing adoption of 
a new standard as many of their chips were already on the market and they wanted to “prolong 
the life of their current products.”6 Some claimed that others were more interested to block a 
standard than approve one, for example, IP companies blocked because they would rather see a 
standard with their IP “in it or no standard at all.” 64 


A similar fallout had occurred in the IEEE-based standards setting process for ultra wide band 
technology (UWB) in 2004. “Two warring camps slugged it out,” one observer recalled, “with 
Motorola promoting its flavor of UWB and a coalition of companies, including Intel and 
Samsung, pushing a different way of implementing the technology.” The IEEE standards had 
become deadlocked on this technology standard as well, and the coalition had side-stepped the 
IEEE and promoted its standard around the world, getting it approved by the regulatory 
agencies of various countries. The coalition — consisting of “the giants of the industry” —had the 
ability to push the technology to market; “These are the rock stars of the electronics industry,” 
one observer said, “forming alliances to push stuff into the market.”® In fact, the EWC proposal 
had many points of similarity with work in the JPG. “We're not going outside of the IEEE 
process,” a EWC member noted. “Every item in our proposal is either based on a motion already 
passed by the JPG or can be traced back to the original groups. There’s nothing new here.” But 
some feared that the EWC was not addressing some existing and future MIMO markets well 
enough. 


Some noted that the EWC was a “more open group” than the JPG.” Companies that lacked an 
opportunity to contribute to the joint proposal—such as Apple—could provide input to the 
EWC’s proposal. In their defense, EWC members noted that standards had often been accelerated 
by industry groups working outside formal groups such as the IEEE. “When Fast Ethernet was 
being developed,” Broadcom director of product management Bill Bunch noted, “there was the 
Fast Ethernet Alliance. This [the EWC] could be the missing element, to get a proposal on the 
table that will have the 75% majority that has so far eluded us.” 


Finally, some noted the factions of the 802.11n working group members had aligned 
themselves into “more natural lines of market-segment”: the personal computer, consumer 
electronics, and handhelds. “None of these segments has the overwhelming control of the JP 
required to ram only its interests through, and hence somewhat naturally a specification has to be 





62 Darek Connole, D-link spokesman, cited in Harbert (2006). 

63 Harbert (2006). 

64 Harbert (2006). 

65 Harbert (2006). 

66 Judge (2005). 

67 Bill Bunch, director of product management at Broadcom, cited in Judge (2006). 
68 Bunch, in Judge (2006). 
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found with which all three market segments are satisfied.” The convergence promised by 
MIMO and Wi-Fi was beginning to change the industry landscape. 


Why Wait? Shipping “pre-N” Products 


Some players had a lot to gain by an approved standard. Airgo, for example, already had its 
third-generation MIMO chip on the market, although if the early versions of the EWC proposal 
made headway, Airgo faced significant redesign issues. Wi-Fi access point card manufacturer 
Belkin had been shipping “pre-N” products for over a year; Belkin product manager claimed 
their customers wanted more coverage than 802.11g products provided. Having Belkin’s 
products on the shelf pressured other Wi-Fi access point vendors to roll out their own pre-N 
products. “When Belkin came out with its pre-N product,” one manufacturer noted, “the retailers 
told us they wouldn't give us shelf space until we came up with a pre-N product.” 


Releasing pre-standard products could cause consumer confusion, however. Companies 
claimed their products were part of the “802.11n family” and met “the Enhanced Wireless 
Consortium’s recently announced specification for next-generation wireless local area 
networking products,” as Marvell did in October 2005. This caused trouble for the IEEE, as a 
spokesman noted, “We’re trying to make sure consumers aren’t disappointed. [...] Until the 
specification is done, there’s always a risk that a company has implemented an earlier draft that 
might fail to be interoperable with the final standard.”7! 


January 11, 2006 


In January 2006, the consortium proposal was submitted to the JPG. The group’s acceptance of 
the EWC proposal set the stage for supermajority voting of 75% percent that could allow the JPG 
to become the draft upon which final ratification of the standard was based. The vote passed the 
JPG group 40 to 0 in January 2006, with two members not casting ballots.7* On March 9, the IEEE 
approved draft 1.0 of 802.11n.73 On March 9, 2006, the IEEE approved draft 1.0 of 802.11n.” 


69 Nico van Waes, Nokia senior research engineer responsible for 802.11n standardization, cited in Judge (2005). 
70 Darak Connole, cited in Harbert (2006). 
71 Harbert (2006). 


72 Glenn Fleishman “Chipmakers Demo Early 802.11n Chips at CES,” wifinetnews, January 08, 2006, 
http:/ / wifinetnews.com/archives/006193.html, April 10, 2006. 


73 Glenn Fleishman, “Breaking News: 802.11n Draft 1.0 Approved,” wifinetnews, March 10, 2006, 
http:/ / wifinetnews.com/archives/006361.html, April 13, 2006. 


74 Fleishman (March 10, 2006). 
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4. DSL Standards Case Study 


More than six out of every 10 broadband households in the world get their broadband over Digital 
Subscriber Line (DSL) which uses copper phone wires connecting homes and businesses. ”° 
— April 13, 2006, www.cnn.com 


“Mr. Watson, come here, I want you!” 


Those words were uttered over copper wires in Boston, on March 10, 1876, by Alexander 
Graham Bell, then a professor at Boston University. After years of experimenting, Bell finally 
figured out a way to convert the acoustic wave forms which constitute speech into electrical 
signals he could send across conductive copper. His simple phone system was constructed of 
wood, acid, and copper wiring. In creating his invention, Bell relied on a deep knowledge of 
acoustics, from his experience as a dedicated teacher of the deaf, and built on the past scientific 
discoveries of others. 


Bell’s breakthrough, recreating spoken words on the other end of a wire, was the birth of the 
telephone industry (with tele derived from the Greek meaning afar and phone meaning voice.)’° It 
was a modern miracle the Victorians called “talking by lightning.” On March 7, 1876, Bell 
received patent number 174,465 for “the method of, and apparatus for, transmitting vocal or 
other sounds telegraphically” —just days before he had uttered his now-famous words. In 1881 
he received another patent for using twisted pairs of copper wires — twisting the wires cut down 
on signal interference and improved the transmission fidelity from his earlier landmark tests with 
untwisted copper wires. 


From Voice to Data 


The obsolescence of the twisted-wire-pair telephone line has been predicted many times.”” 
— Understanding Digital Subscriber Line Technology, by Thomas Starr, et. al. 


Modems were introduced in the 1950s as a way to transfer data between computers, by 
modulating-demodulating the digital computer signals into analog signals that could travel over 
standard telephone lines. The first modems were developed for military applications. The first 
commercial modem, introduced in 1962, was the Bell 103 made by AT&T; it was able to move 
data at 300 bits per second (bps). Design and engineering improvements regularly increased the 
speed of the data transfer, rising to 9600 bps in 1984. As modem speeds climbed, telephone 
company officials envisioned new applications and corresponding revenue sources with greater 
capacities and speeds across the huge installed base of voice lines. With new releases of modems, 
the International Telecommunication Union (ITU) established a wide range of standards, carried 
out through their Study Group 16. (Exhibit 7 describes the progression of modem technologies.) 





75 “Study: Iceland tops in broadband use,” CNN.com, April 13, 2006, 
http:/ /www.cnn.com/2006/TECH/internet/04/12/iceland.broadband.reut/index.html, April 18, 2006. 


76 From Tom Farley’s Privateline.com website, at http://www.privateline.com/DSL/DSLbroadband4.html, April 18, 
2006. 


77 Mark Brownstein, “Batter Up for Broadband Whether wired or wireless, bandwidth is sure to hit home offices next 
year; road warriors will have a longer wait,” BYTE, Vol. 22, No. 10, October 1, 1997. 


19 


In 1984, the government’s Consent Decree split the AT&T monopoly into a long-distance 
company and seven regional Bell operating companies (RBOCs.) A new standards organization 
was created to help maintain interoperability between the now independent RBOCs. Bell 
Communications Research (Bellcore) became the independent standard bearer for telephony 
solutions on behalf of the RBOCs and AT&T. Even as the consent decree was being implemented, 
deep within Bellcore engineers were working on a major new development, called Digital 
Subscriber Line (DSL) technology. 


The goal of DSL was to raise, by orders of magnitude, the capacity of data carried over 
standard voice lines. At that time, there was a raging debate on whether fiber optic cabling would 
replace the copper twisted pairs running to individual residences and businesses. The telephone 
companies saw the threat of cable rising and needed a high-bandwidth alternative. Some of the 
staff within Bellcore believed that fiber was too expensive and complicated to cover the last mile 
of connections to houses and businesses. They hoped, instead, DSL could deliver enough data 
across their enormous installed base of copper lines to make video-on-demand possible.78 
(Exhibit 8 provides a block diagram of a DSL reference architecture. Exhibit 9 presents sample 
applications which were believed to be feasible for residential and business applications of DSL.) 


Integrated Services Digital Network (ISDN) 


ISDN was the first high bandwidth data communications service offered by telephone 
companies to end customers over copper twisted pairs. Trial services were introduced in 1985, 
after a decade of shared development across some 20 countries and at a total estimated cost of 
$50 billion.”? The solution was expensive to deploy but it did offer 160 kbps of symmetric data 
communication. There were approximately 6 million ISDN lines in service worldwide by 1996. 
Yet, even as ISDN was being rolled out, research engineers at Bellcore were searching for 
improved, and simplified, designs for high bandwidth communications over copper wires. (The 
FCC would later define “broadband” as data transmission speeds exceeding 200 kbps.)*" 


By the end of 1999, the FCC counted 189,625,939 copper wire “local loops” in the United 
States, connected central telephone offices to end customers. Advanced semiconductor 
technologies (e.g. digital signal processors) and sophisticated mathematical and signaling 
concepts (e.g. Fast Fourier Transforms) brought about high-speed DSL, by squeezing more 
bandwidth and greater speed out of the installed copper “local loops.” 





78 Over time, various versions of DSL have been standardized. xDSL is sometimes used as a generic indication for one of 
these versions, although DSL written by itself also should be considered as representative of the various standards. 


79 Thomas Starr et al., Understandin g Digital Subscriber Line Technology, (NJ: Prentice Hall, 1999). 


80 The designation kbps standard for kilobits per second. Symmetric means that data communications could take place at 
the same speed in both direction between sender and receiver. This is in contrast to asymmetric which means one 
direction is configured to move at a different speed than the other, generally to customize a system in a way that 
optimizes typical usability for the target customer. 


81 The FCC would later come to classify “broadband” as data transmission speeds exceeding 200 kbps. See the FCC 
Consumer Facts website: “High-Speed Internet Accesses — Broadband,” 
http://www.fcc.gov/cgb/consumerfacts/highspeedinternet.html, April 18, 2006. 
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The Emergence of DSL Standards 


The person most often credited with the conceptualization of DSL was Dr. J. W. Lechleider. 
His work, and that of his team at Bellcore, built on their expertise in ISDN. Beginning in 1989 
Lechleider’s team mapped out the key elements of DSL. One key element in Lechleider’s 
architecture was to have asymmetric speeds, where the downlink to a customer would travel at a 
much faster speed than an uplink. The rationale for asymmetry was driven by the fixed capacity 
of the wire and the realization that video-on-demand required more downlink bandwidth to 
deliver video than it required uplink capacity to select videos from central operations. This 
variation of DSL became known as Asymmetric Digital Subscriber Line (ASDL.) 


ADSL became a domestic standard (American National Standard T1.413) in 1995 through the 
T1 working subcommittee. An industry expert described the historical evolution of this standards 
development organization (SDO): 


Committee T1 was a standards developer accredited by the American National Standards 
Institute. (ANSI does not develop standards, it only accredits those organizations.) T1 was 
formed in 1984 as a committee of what was originally called the Exchange Carriers Standards 
Association (ECSA) which was comprised of RBOCs and other exchange carriers. In the 1990s, 
however, ECSA became ATIS, and the membership was broadened to include all interested 
service providers, manufacturers, clecs, ilecs, and others.8? Also, a recent restructuring made 
ATIS the ANSI-accredited SDO. 


As an important domestic standard, 11.413 was brought to the International 
Telecommunication Union (ITU). The ITU, headquartered in Geneva, Switzerland was an 
“international organization within the United Nations System where governments and the 
private sector coordinate global telecom networks and services.”*3 The basic DSL standard won 
international approval by the ITU as standard G.922.1 in 1998. 


DSL deployment—supported by domestic standards—soared to one million US subscribers 
by 2000. An astounding 158 million DSLs were operating in OECD countries—supported by 
international standards—by 2005.84 Lightning had struck a second time. As was the case with 
Alexander Graham Bell, a university professor who developed some of the key technology in the 
initial standard played a key role.® 





82 ILECs were incumbent local exchange carriers - the traditional well-established telephone companies. CLECs were 
competitive local exchange carriers, which entered the market more recently based upon government regulatory changes. 


83 See the ITU website at http://www. itu.int/home/. 


84 “Study: Iceland tops in broadband use,” CNN.com, April 13, 2006, 
http:/ /www.cnn.com/2006/TECH/internet/04/12/iceland.broadband.reut/index.html, April 17, 2006. 


85 See Local Telephone Competition and Broadband Deployment; 10/00 High-Speed Services for Internet Access provides the latest 
DSL counts, while Local Telephone Competition, 08/00 release provides the number of telephone lines by state, at 
http://www.fcc.gov/web/iatd/comp.html, April 17, 2006. 
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DSL Technology 


While the industry has not yet chosen a standard modulation method, the clear message is that it 
shouldn't matter to users. ... As long as the PC and the modem at the CO use the same modulation 
method, xDSL should work. And since [DSL] modems won't appear in stores for two years [...] there's 
time for the standards to sort themselves out. ”87 


TeleChoice analyst Kieran Taylor, 1997 


While the phone system was designed to carry clear voice communication over long distances, 
DSL was much more sensitive to line and environmental “noise”. Typically, a DSL signal could 
reach about three miles from the central office to a residential or business customer. The 
modulation technology that determined how data signals were carried over the wires (which also 
allowed both voice and data signals to be carried on the same copper wire) had a significant 
influence on the speed and effectiveness of the signal. 


Single-Carrier vs. Multi-Carrier Modulation 


DSL was a complex system and many elements required alternative design decisions and 
complex engineering choices to be made. One crucial area was the format of the data—the “line 
codes” — traveling over the copper wire. This became an area of considerable debate. This area of 
the technology would be thoroughly tested in prototypes, and reviewed in open meetings with 
objective third parties as well as competitors, prior to inclusion in any standards. 


There were two fundamentally different approaches, known as single-carrier and multi- 
carrier modulation (GSC/MC). An advocate of multi-carrier modulation described the difference 
between the two: 


In single-carrier modulation, a bitstream is encoded into symbols by mapping 
consecutive sets of bits into constellation points. These points are modulated, filtered and 
transmitted within a defined channel bandwidth. [...] In multi-carrier modulation, a 
channel is partitioned into a set of independent subchannels, each characterized by a 
signal-to-noise ratio (SNR). A channel’s SNR is measured when a connection is established 
and monitored until the connection ends.** 


This debate was more than just theoretical; it had substantial economic consequences. A 
voracious appetite for faster speed on the Internet and World Wide Web drove demand for DSL, 
continuing through the end of the 20t century and into the 21st century. The growing market 
guaranteed many stakeholders with economic incentives riding on the outcomes of DSL 
standards being adopted. 





86 This section on DSL basics adapted from Tom _ Farley’s Privateline.com website, at 
http://www. privateline.com/DSL/DSLbroadband4.html, April 18, 2006. Used with permission from Tom Farley. 


87 Mark Brownstein, “Batter Up for Broadband Whether wired or wireless, bandwidth is sure to hit home offices next 
year; road warriors will have a longer wait,” BYTE, Vol. 22, No. 10, October 1, 1997. 


88 Krista S. Jacobsen (Texas Instruments), “DMT Modulation Will Promote Market Acceptance of VDSL,” DSL Prime, 
2000, http:// www.dslprime.com/News_Articles/a/VDSL/vdsl html, April 18, 2006. 
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To some observers, this battle over line codes, and which modulation technique would 
become a standard, was seen as a “marketing football.”* It was hotly contested by many of the 
giants in the telecommunications arena. To everyone’s surprise, Stanford professor John Cioffi 
and his small, under-funded startup company prevailed in winning the standards war for line 
codes. 


The Entrepreneurial Professor 


I'm optimistic we'll all have at least 100-Mbit/s DSL connections before long. 
— Dr. John Cioffi, inventor of DMT for DSL 


Dr. John Cioffi graduated from the University of Illinois in 1978 with a degree in electrical 
engineering.” After college, Cioffi went to work at Bell Laboratories designing 4,800 bit/second 
modems. In 1979, Cioffi was at a meeting discussing the conversion of copper line segments in 
the phone system from analog to digital and how quickly data could be communicated across 
copper wires. Cioffi later recalled, “Everyone else in this meeting was at least a decade older, and 
I was pretty intimidated, but happy to be there. I computed the maximum speed for a 4-mile 
twisted-pair based on a text-book formula.”*! Cioffi told others at the meeting he thought they 
could achieve “about 1.5 Mbits/s ... maybe even fast enough for compressed video.” At that 
time, the others at the meeting were aiming for a much more modest speed of between 144 and 
192 kilobits per second” and they let the young new employee know he needed to go back to his 
books to find the correct answer. 


Bell Labs’ interest in the area of copper lines virtually died out in favor of their research into 
the use of fiber. However, Cioffi remained interested in copper as he went to Stanford, where he 
earned a PhD in 1984, the same year the Consent Decree between the Department of Justice and 
AT&T split his old company into parts. Cioffi became a professor of electrical engineering at 
Stanford, and in 1987 he was awarded a prestigious National Science Foundation grant (the 
Presidential Young Investigator award) geared to enable academics to pursue exploratory 
research. Cioffi’s funding amounted to approximately $100,000 / year for each of the years from 
1987 to 1992, just enough for him to continue pursuing research focused on high speed 
communications over copper lines. 


Cioffi experienced a moment of serendipitous good fortune when he met Dr. Joe Lechleider, 
Bell Lab’s chief architect and the company’s lone remaining advocate for high speed 
communications over copper. Lechleider’s calculations of the upper limits of communication 
speed over copper were similar to Cioffi’s. Both estimated achievable speeds to be 1.5 


89 Kim Maxwell, Residential Broadband: An Insider's Guide to the Battle for the Last Mile, (New York: Wiley Computer 
Publishing, 1999), p. 123. 


90 Cioffi’s profile is at http:/ /eet.com/disruption/ profiles/cioffijhtml, April 17, 2006. 


91 John Cioffi, “Bell Labs Managers Laughed At the Idea of Broadband Over Phone Lines,” undated, 
http://eet.com/disruption/essays/cioffijhtml, April 17, 2006.. 


92 Cioffi, “Bell Labs Managers Laughed At the Idea of Broadband Over Phone Lines,” undated, EETimes, undated, April 
21, 2006. 


93 1 kilobit per second = 1,000 bits per second. 
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Mbit/second, far beyond the current best performance of existing digital technologies like ISDN. 
Cioffi recalled, 


Almost by chance, I met a man who'd change the course of my life, Dr. Joe Lechleider 
of Bellcore, who happened to be speaking at a Globecom conference in Tokyo in 1987, just 
before me. He was Mr. ISDN and near retirement. We talked for about five hours straight, 
going to dinner afterward. He believed in the high data rates on copper and ran a small 
group at Bellcore (he managed to convince the fiber researchers to fund this effort as 
higher speeds would promote a greater need for fiber) working on what he called 
asymmetric digital subscriber (ADSL) lines.” 


As Bell Labs turned its sights to fiber, investing billions on the new technology in attempts to 
achieve greater capacity, Cioffi redoubled his efforts to find copper transmission techniques. 


Ask me again in ten years 


“I promise you we will never, ever deploy a single line of ADSL. You are wasting your time.” 
— Executive at what became one of the largest DSL service providers 


Few people offered Cioffi the kind of encouragement he received from Lechleider. In fact, 
many industry experts offered only opposition. A retired Pacific Bell executive promised his old 
company would have fiber running right to everyone’s homes by 1994, thus obviating the need 
for improved transmission speeds over copper wires. This highly regarded telecommunications 
guru described Cioffi’s research rather bluntly as “a waste of money.” 96 


Despite the lack of support, Cioffi made steady progress convinced of the need. Then, another 
stroke of luck occurred: “As our DSL designs progressed,” Cioffi recalled, “a brochure from a 
very unusual investment group arrived in my Stanford mail. “Got ideas to transfer to industry? 
We'll fund your group for two years,’ it said.”°” Cioffi submitted a proposal to the group— 
known as University Technology Transfer (UTT). He received one of the two awards they made 
that year, which helped keep his research agenda moving forward. In the early 1990, Stanford's 
Office of Technology Licensing helped Cioffi submit four patents for his work, which by now had 
come to be known as discrete multi-tone (DMT.) See Exhibit 10 for brief highlights of related 
patents. 


The UTT went bankrupt in 1990 before Cioffi received all the promised investment funds. 
However, he gained the attention of an important customer: the German postal and telephone 
service was looking for help. As Stanford later reported, “With [this] contract in hand, Cioffi 
decided to start a company: ‘Starting a company was a last resort. I only did it when it became 





4 Cioffi, “Leadership Reflections,” IEEE, November 2004, http://ese.wustl.edu/~nehorai/paper/cioffi.pdf, April 12, 
2006. 


95 Cioffi, “Bell Labs Managers Laughed At the Idea of Broadband Over Phone Lines,” undated, 
http:/ /eet.com/disruption/essays/cioffijhtml, April 17, 2006. 
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April 12, 2006. 
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clear that there was no industry interest in commercializing the technology.’ He took a two-year 
leave of absence from Stanford and named his company Amati.”’”8 (Exhibit 11 briefly describes 
Stanford’s licensing arrangements and beneficial interests in Amati’s patents.) 


Amati designed hardware and software for modulating signals over twisted pair telephone 
lines in a way that minimized sensitivity to line noise and imperfections while maximizing 
performance. This modulation was the kind of technology to be used as a line code in DSL. 
Cioffi’s technique maximized the digital signaling capacity of twisted copper wires through a 
smart and efficient line code called DMT. With Stanford’s help, Cioffi won patents on this 
technology. 


Amati learned that Bellcore would be holding a test—a line code “Olympics,” akin to a “bake- 
off” —in early 1993 to select the preferred line code standard. Throughout 1992, discussions were 
held to specify the boundaries of these tests. During this time, the entire Amati team (consisting 
of Cioffi and a few of his graduate students and close friends) worked non-stop to have a 
prototype system for testing. Amati had about one-tenth the budget of their competitors. Cioffi’s 
old group at Bell Labs was one of those competitors, pursuing a single-carrier modulation 
technique know as quadrature amplitude modulation (QAM) or carrierless amplitude phase 
modulation V1 (CAP1). Cioffi’s approach relied on multi-carrier modulation in their proprietary 
approach known as DMT. 


Cioffi’s approach with DMT was to split the copper wire into 256 sub-channels of frequencies, 
each with a bandwidth of 4 KHz. DMT dynamically adapted to the quality of the line, which 
allowed it to work exceedingly well in real world tests intended to stress the limits of the ADSL 
connections. DMT produced transmissions rates as high as 10 Mbps from a central office to the 
household computer connected to a DSL line, far beyond what others imagined possible. 


The 1993 Line Code Olympics 


Entering the competition, Cioffi was confident in the theoretical underpinnings of his 
approach but daunted by the likes of the opposition: Bellcore, Pairgain, Northern Telecom and 
American Telephone and Telegraph (AT&T, which at the time still contained Lucent Bell 
Laboratories) all entered QAM systems. Cioffi later recalled the outcome: 


The results of the tests shocked the world: The Amati modem ran four times faster (6 
Mbits/s) on the same lengths of telephone line, or between one-half mile and one mile 
longer in fair tests at the same speeds. One of the inherent features of DMT technology was 
that it could be easily programmed to run at the highest rate while the QAM technology 
was fixed at one speed only. That said, we did not mention the 6-Mbit/s capability until 
just before the Olympics — it completely surprised the competition. 


There were a lot of embarrassed people—some of whom were still a bit angry over a 
decade later — but those test results could not be refuted. It was like Palo Alto High School 
beating the Patriots in the Super Bowl—unheard of.” 





38 David F. Salisbury, “Engineer taps phone lines for faster computing,” Stanford Online Report, April 29, 1998, 
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On March 10, 1993, the 117th anniversary of Alexander Bell’s invention of the phone, DMT 
was selected for the U.S. [ANSI] standard for ADSL. Much later, Cioffi reflected on the 
standardization process and the challenges he had faced: 


It was a fight (for DMT) every step of the way. I'd struggled to find any company willing 
to embrace the technology and carry it forward, but I couldn’t generate any industry interest. 
So, ultimately, I took a two-year sabbatical from Stanford to form a company. 


We believed we could win that “line code” Olympics, but we knew it would be a tough 
go—the odds were stacked against us. We were such a small company —we had about one- 
tenth the budget of the alternatives that had been offered but we knew if we did a good job, 
we had a chance. 


We believed our DMT technology was theoretically superior and, from my dozen years in 
the industry working on modem technologies, I was confident we could adapt to the practical 
nuances and limitations of copper wires and real-world telephone systems for better overall 
performance. In fact, we wanted to see more difficult tests added to the Olympics but we were 
unsuccessful in convincing the test administrators—the staff was from Bellcore and while 
neutral in tests, did have their own QAM entry. In the first Olympics, we lobbied to have the 
testing requirements include higher speed testing - up to 6 megabits/ second — but we were 
unsuccessful. The testing coordinators believed the lower speed requirements were an 
acceptable target. 


We were prepared for a very difficult argument but Amati was a very small company 
against these other larger efforts which had ten times our level of funding. In the end, we 
gained significant support from a much bigger company: GTE. They had been able to test our 
solution and realized it could achieve the much higher speed of 6 megabits/second. They 
introduced their own testing results at the same time the Olympics results were announced, 
and that GTE confirmation of 6 Mbps reality lent considerable credibility to our offering. 


After these line code Olympics, DMT was specified as part of the US standard for DSL 
(T1.413.) This meant that companies building chips and DSL modems would need to support 
DMT in order to be compatible with the US standard for DSL. 


Improvements for DSL continued to emerge. A new version, called Very-high-speed Digital 
Subscriber Line (VDSL) began to gain wider industry support. A coalition including Analog 
Devices, Broadcom, Globespan Technologies, Lucent Technologies, and Rockwell argued for the 
use of the single-carrier line-coding approach (using CAP and QAM) -—so the debate continued 
even after the initial adoption of the standards.” 


Amati Acquired 


One of the major developments forming the background environment for DSL was, of course, 
the wild explosion of the World Wide Web and the Internet. From 1995 - 2000 there was 
unbridled enthusiasm and enormous growth in the Internet economy. Both enterprise and 
individual users wanted high-speed access to the Internet, at a low cost, and with minimal 





100 Interview with Dr. Cioffi, April 2006. 


101 See the March 10, 1997 press release from Lucent Technologies, Industry leaders form VDSL coalition, at 
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infrastructure demands and cost on their environment. The DSL solution, which leveraged the 
ubiquity of already-installed copper telephone wires helped simplify the installation process. 
Although video-on-demand looked way beyond the initial reach of DSL, there was suddenly an 
even bigger potential market: Internet users. In November 1997, Texas Instruments announced 
plans to acquire Amati for $395 million, stating: 


Digital modems, such as xDSL, will use a digital signal processing (DSP) solution at the 
front and back ends of every connection to the Internet. With 790 million phone lines in 
use today around the world, that would mean a market opportunity of more than 1.5 
billion sockets, each using a DSP solution. The combination of Amati’s xDSL technology 
and TI's digital signal processing solutions will enable faster, more reliable access to the 
Internet and the ability to use a single, existing phone line to simultaneously access voice, 
data and video.1 


The flexibility of DSPs made it possible to quickly adapt and enhance DMT solutions in future 
versions of DSL. (Westell, a leading DSL modem manufacturer, had also bid aggressively on 
acquiring Amati.) 


Stanford, which had sponsored Cioffi’s research and earned $8 million for the equity it held in 
Amati at the time of the acquisition, described the event in a 1998 newsletter, “The telephone 
companies, which are engaged in a multi-billion dollar race with the cable television industry to 
provide high-speed Internet access to the home, are ready to begin piping megabit streams of 
computer data, as well as high-quality television programming, down that same slender copper 
wire. 


In December 1997, Amando Geday, CEO of GlobeSpan Technologies, a leading modem 
vendor, was reported to have said “The DMT/CAP ‘technology wars’ are over. [...] It really 
doesn’t matter what the technology is if the modems work.”1 Were the DMT/CAP wars really 
over? In 2003, GlobespanVirata sued TI and Stanford “alleging that TI’s licensing offers violate 
various antitrust laws and also asserting that TI and Stanford’s DSL patents were invalid and not 
infringed. TI counter sued, claiming that GlobespanVirata infringed three key DSL patents. The 
Court bifurcated the case and the patent claims went to trial.”1° In February 2006, TI was 
awarded $112 million in damages in a legal defeat for GlobeSpan. Further litigation was possible. 


DSL Standards Setting Organizations and Consortia 


How did DSL and DMT standards evolve through the dynamic interplay between 
technologies, technologists, economic interests, and standards setting organizations? In the case 
of DSL, there were several prominent standards bodies. Committee T1, formed during the 
breakup of the Bell system in 1984, operated with the support of the Alliance for 
Telecommunications Industry Solutions (ATIS) and was responsible for domestic 
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telecommunications standards for all equipment accessing the telecommunications network. 
ATIS/T1 was accredited by the American National Standards Institute (ANSI)! and thus 
followed its rules and guidelines in all areas, such as procedures and patent policy. 


Committee T1 was designed to be an open forum in which industry participants could 
cooperate “to ensure continued network reliability and interoperability in a new age of 
competition.” 16 The sub-committee responsible for connections to the network — like DSL—was 
known as T1E1.4. (In 2003, the T1 name changed, but DSL standards continued to fall under the 
same ATIS umbrella, with the new name of Network Interface, Power, and Protection Committee.) 


ATIS operated on a principle of consensus building, where issues were presented to 
committees which followed an established process through to resolution. Their definition of 
consensus implied, 


[T]hat all views and objections be considered, and that a concerted effort be made toward 
their resolution. Under some circumstances, consensus is achieved when the minority no 
longer wishes to articulate its objection. In other cases, the opinions of the minority should be 
recorded with the report of the substantial agreement, or consensus, of the majority. 


When there are questions or disputes regarding consensus, leaders or participants should 
ask an objecting participant(s) to state the rationale for the objection and provide an 
opportunity for full discussion aimed at achieving full understanding and consideration of the 
objection.1°7 


In the case of issues leading to either new ANSI standards or revisions of existing ANSI 
standards, a well-defined process was followed. Membership in ATIS committees was open to 
ATIS member companies. Leaders were nominated and voted on by secret ballot and decisions 
were made based upon the vote of a simple majority, with each company funding the committee 
allowed one vote. 


Patented inventions could be included in standards recommendations when “technical 
reasons justify this approach.”!°8 (However, no discussion or negotiation of patent terms was 
allowed in committees; that was restricted to discussions directly between patent holders and 
prospective licensees.) Early disclosure of applicable patents was encouraged and patent holders 
were required to make either an offer of licensing without compensation or assurance that “[a] 
license will be made available to applicants under reasonable terms and conditions that are 
demonstrably free of any unfair discrimination.”1°° The issue was considered resolved (i.e., and a 
standard approved etc.) when a simple majority was reached. The recent ATIS organizational 
structure is shown in Exhibit 12.) 





105 ANSI was founded in 1918 and, according to its website at www.ansi.org, served as “a private, non-profit 
organization...that administers and coordinates the U.S. voluntary standardization and conformity assessment system.” 


106 1999 Committee T1 Annual Report, http://www.atis.org/TC/docs/0t100190.pdf, April 17, 2006, p. 5. 
107 ATIS Operating Procedures (version 4.0), January 3, 2006, www.atis.org/ATISop.pdf, April 17, 2006, p. 8, 
108 ATIS Operating Procedures (version 4.0), January 3, 2006, www.atis.org/ATISop.pdf, April 17, 2006, p.11. 


109 ATIS Operating Procedures (version 4.0), January 3, 2006, www.atis.org/ATISop.pdf, April 17, 2006, p.11. 


28 


The European Telecommunications Standards Institute (ETSI) had similar responsibilities for 
Europe. ETSI quickly picked up the ADSL standard along with support for DMT, largely 
unchanged from the U.S. standard. The International Telecommunications Union (ITU), as an 
agency of the United Nations, promulgated a worldwide standard for ADSL (accepting as input 
standards from ATIS and ETSI) incorporating DMT. 


Forums, Consortia, and Coalitions 


While ATIS, accredited by ANSI, was responsible for standards related to accessing the 
telecommunications network from the telephone company’s central office, it did not have 
authority to set standards for customer premises equipment. Consequently, there was a 
standards void when it came to handling equipment connected to the customer setting. Partly in 
response to this, the ADSL Forum was established to bridge the standards gap and accelerate 
adoption.! 


The ADSL Forum held its first organizing meeting at the New York offices of the International 
Copper Association in early 1994. A follow-on meeting was planned, with phone call invitations 
extended in May and the first formal meeting scheduled for London that October. The 54 people 
who attended that meeting came from 14 countries and represented 43 organizations. Attendees 
nominated a steering committee which was comprised of a who’s-who in telecommunications 
including representatives from AT&T, Amati, US West, British Telecom, Westell, Motorola, 
Analog Devices, Ameritech, Bell Atlantic and Italtel. 


A main driving force behind the ADSL Forum was Kim Maxwell, a savvy technologist with 
extensive dealings in the modem and standards setting arena and an important employee at 
Amati. In March 1995, Maxwell became the first chairperson of the forum. The ADSL Forum was 
eventually renamed the DSL Forum to reflect its larger impact. The past Forum presidents 
reflected on their 10‘ anniversary: 


Back in 1994 few of us had an idea of the magnitude of the change the DSL Forum 
would eventually provoke: DSL is [...] growing faster than any technology has ever done. 
It is also propelled by market developments it helped to create—the total amount of emails 
sent back in the year 1992, was sent each single day in 2003, and with much larger 
attachments." 


As this Forum was getting established, new competitive dynamics were shaping 
telecommunications. Cable companies wanted to deliver data communications over their high- 
bandwidth, high-speed video connections. Phone companies wanted to expand their voice 
offerings to on-demand video over their copper lines. Dropping the “A” from the ADSL Forum 
name better reflected the broader role it played in the industry. 


As mentioned earlier, a number of companies banded together to form the VDSL Coalition, 
supporting single carrier modulation schemes. Some industry observers believed that these kinds 
of non-standards based organizations, because of their nimbleness and lack of restraint to 
standards-setting processes, could become the de facto standards bodies of the future. 
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Standards Body Membership 


The process for DSL standards development was the outcome of active members engaged in 
discussions. The IEEE, for instance, was more typically associated with individual 
professionals — some of whom affiliated with the IEEE as students or on their own rather than as 
a company representative. In distinct contrast, standards bodies associated with DSL were 
usually comprised of corporate representatives as seen from the ATIS, ETSI and the DSL Forum 
websites: 


e “As a member of ATIS, your company joins the premier technical planning and 
standards development organization that is driving the business of communications 
and information technology. Over 1,100 participants from more than 350 
communications companies are active in ATIS’ 22 industry committees.” 1 


e ETSI “[m]Jembership is open to any company or organization with an interest in the 
creation of telecommunications standards. [...] ETSI unites 654 members from 59 
countries inside and outside Europe,” "3 


e And finally, “DSL Forum is a global consortium of nearly 200 leading companies 
covering the telecommunications, equipment, computing, networking and service 
provider sectors. Associate members include academics and nonprofit organisations 
with an interest in DSL.” 114 


In the case of international standards, the ITU was the key body. Historically, only 
governmental authorities could submit standards recommendations to the ITU and only 
government representatives were allowed to vote on standards. More recently, commercial 
enterprises have greater opportunity to submit standards recommendations, but only 
government representatives were allowed to vote on the final standards. 


Through the years, a number of improvements to the basic DSL standards appeared and 
made their way through these multiple standards organizations as shown in Exhibit 13. Each of 
these standards needed to include an underlying technology to handle the line coding. As a 
result, with each new standard under consideration, the “line code” battles could possibly erupt 
all over again. Indeed, that was the case when the next major form of DSL arose, called VDSL. (A 
comparison of the most significant variations of DSL can be found in Exhibit 14.) 


Multiple VDSL Standards? 


“VDSL is a supercharged DSL technology that allows simultaneous transmission of video, data and 
voice over existing copper telephone wires. Deployment has been slowed while the telecommunications 
industry tries to settle on one of two chip technologies — quadrature amplitude modulation, QAM, and 
discrete multitone, or DMT.” 11° 
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— Jim Cole, East Bay Business Times, May 30, 2003 


VDSL promised much faster speeds than ADSL. However, a new DSL standard would require 
a new line code standard. Would DMT continue as the line code standard for VDSL? Could 
supporters of DMT outlast the strength of the VDSL coalition advocating for CAP and QAM? For 
this newer version of xDSL, there was even more aggressive competition, since the DSL market 
had been proven and there were millions of users and billions of dollars at stake. The most 
knowledgeable technology experts in the field shared their observations: 


There has been a debate over the best transmission technology to use for DSL. 
Although ADSL standards have universally selected the specific multi-carrier transmission 
method known as DMT after considerable deliberation and testing, a few CAP and QAM 
proponents nevertheless marketed nonstandard ADSL modems for a significant time 
period. Subsequent debate was heated in the marketplace, and there were abortive 
attempts to reverse ADSL standards (from DMT to CAP/QAM). The supposed threat of 
fundamentally high complexity of DMT leading to high prices eventually was 
unequivocally refuted in the ADSL marketplace, where low-cost interoperable components 
abound today. Early proposals for VDSL recommended an extension to the ADSL DMT 
standard [...] other VDSL proposals argued for standardization of the QAM/CAP 
technologies. A protracted and complex debate emerged. Should the VDSL standard 
specify [...] both techniques or only one?!!¢ 


Although the story of VDSL is still unfolding, it’s possible that the ADSL history of standards 
development could repeat itself with the new introduction of VDSL. Table 1 recaps the key 
events which took place during the formalization of the ADSL standards. 





116 Thomas Starr, Massimo Sorbara, John M. Cioffi, Peter J. Silverman, DSL Advances, (Upper Saddle River, N.J.: Prentice 
Hall, 2002). 
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Table 1 - The standardization of DSL 


1989 - Bellcore internal paper describes ADSL with 1.5 Mbps downstream and 16 or 64 kbps 
upstream. The target application was video-on-demand. 


1992 - ADSL project is begun within T1E1.4, and existing standards projects for an earlier version of 
DSL. 


1993 - The first DSL connection is made between Bell Atlantic with Nortel modems. The “line code” 
Olympics are held in March. “Over a storm of opposition, T1E1.4 chooses DMT instead of 
QAM/CAP as the standardized line code.” Nortel abandons ADSL effort. Alcatel switches 
from QAM to DMT. AT&T stays with CAP. Motorola and Analog Devices launch silicon 
efforts around DMT. 


1994 - ADSL Forum is formed to promote ADSL market and develop system standards. 
1995 - T1E1.4 finishes first ADSL standard, known as T1413. 


1996 - Video-on-demand dies. Internet explodes. Telecommunications Act of 1996 is passed. The 
Competitive Local Exchange Carrier (CLEC) is born. This opens the door for competitive 
DSL providers and ISPs to gain access to telephone networks. 


1997 - First internet ADSL trials by GTE. Microsoft becomes largest user of ADSL services. Ameritech 
is the first U.S. telephone company with tariffed ADSL services. All other major U.S. 
telephone companies are in field trial or test markets. ITU takes up ADSL as a project. ADSL 
Forum, approaching 300 member companies, publishes guidelines on ATM, IP, and PPP 
protocols over ADSL. 


2000 - When will standards emerge for VDSL? 





Source: adapted from Kim Maxwell, Residential Broadband, (New York: Wiley Publishing Company, 1999), p. 231 - 232. 


A representative of Texas Instruments, which now owned Amati and held licensing rights to 
the DMT technologies, noted: “VDSL offers tremendous promise as the means to provide the 
next generation of high-speed networking technology over copper telephone lines. However, in 
order for this market potential to be realized, VDSL equipment must successfully address three 
key issues: support of specific data rates over specific loop lengths, resistance to interference and 
noise, and minimized power consumption. Even more critical for market acceptance of VDSL 
will be interoperability with the ADSL equipment that is growing in popularity today.” 117 


The issues were tangible for vendors who needed to build and ship products, and insure 
compatibility all over the world. One of the world’s largest modem vendors, based in Taiwan, 
crystallized the operational issues in the debate: “The major issues with VDSL technology are the 
line codes to be employed, which can be divided into either single-carrier or multi-carrier 
modulation schemes. For example, QAM is the most widely used form of single carrier systems 
while DMT, the standard line code for ADSL, is the primary form of multi-carrier modulation.”118 





117 Krista S. Jacobsen (Texas Instruments), “DMT Modulation Will Promote Market Acceptance of VDSL,” DSL Prime, 
http://www.dslprime.com/News_Articles/a/VDSL/vdsl. html, April 17, 2006. 


118 ZyXEL product literature for the Prestige 871, a DMT 3/4/5-band, IP-based VDSL Modem, from the 
http:/ /www.us.zyxel.com/ products website, April 17, 2006. 
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The debates over VDSL line code standards expanded to cover system complexity, size, cost, 
reliability, adaptability to line conditions, deployability, and interoperability with ADSL. With 
most issues, advocates argued strongly in favor of one proposed standard. However, there were 
some areas which posed challenges to all standards candidates. As one supporter of QAM noted, 
“[O]ne of the hot topics today is home networking. Here too, the potential for interference is very 
high [and] there is no particular advantage to either line code with regard to home 
networking.”19 


VDSL Olympics 


The “VDSL Olympics” was scheduled for 2003, nearly a decade after the ADSL “line code” 
Olympics. For VDSL testing, the host was Telcordia, the commercial enterprise that had evolved 
from the commercialization of Bellcore. In order to have their products entered into this second 
“Olympics”, companies needed to pay a fee. The event was widely reported on. One report 
noted: 


“The Olympics are an attempt to settle a 3-year-old fight between two competing 
broadband technologies that many say has discouraged telecommunications carriers from 
investing in very high bit-rate digital subscriber line service. [...] 


The DMT camp includes Ikanos, Globespanvirata Inc., STMicroelectronics Inc. and LSI 
Logic Corp. On the QAM side are Germany’s Infineon Technologies AG and Metalink Ltd., 
an Israeli fabless semiconductor company with U.S. headquarters in Folsom. Longtime 
QAM supporter, Broadcom Corp. switched teams this month and announced it is 
developing chips using DMT line code.!”° 


The results were clear—again DMT went home the overall performance winner. Reports of 
the outcome noted: 


The T1E1.4 committee, which is part of The Alliance for Telecommunications Industry 
Solutions (ATIS), decided to specify only Discrete Multi-Tone (DMT) line coding in its 
American National Standard (ANS) for VDSL. [...] The decision follows the release of data 
from the “VDSL Olympics,” a series of performance tests conducted by Telcordia 
Technologies and BT to help evaluate DMT and QAM’s compatibility with VDSL. Among 
the findings: VDSL-DMT achieved the highest “payload” performance, the longest reach, 
and outperformed in burst noise conditions.!7! 


Not everyone was satisfied with the outcome, however. A business development manager for 
a vendor providing single-carrier QAM-based products expressed hope that the ITU might 
specify multiple line code standards (something the ITU had previously ruled out as a 
possibility) and allow individual countries and the telecommunications carriers to choose 
according to their own preferences. Despite the earliest proposals for VDSL line codes being 





119 Martin Schenk (Infineon Technologies), “QAM vs. DMT—Which Technology Can Best Realize VDSL’s Potential?” 
DSL Prime, March 2000, http://www.dslprime.com/News_Articles/a/VDSL/vdsl. html, April 17, 2006. 


120 Jim Cole, “VDSL rivals battle for market dominance”, East Bay Business Times, May 30, 2003, 
http:/ /eastbay.bizjournals.com/eastbay /stories/2003/06/02/story5.html, April 17, 2006. 


121 “DMT Line Coding Specified for VDSL Standard in North America,” Converge Network Digest, June 23, 2003, 
http://www.convergedigest.com, April 18, 2006. 
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made in 1994 and its ultimate technological superiority, a standard was not reached until 2003. 
The delays introduced were viewed by many as unacceptable, as one observer noted: 


VDSL [...] is an example of how not to address contentious issues. The line code war 
for VDSL dragged on for [more than] six years, fueled by a few parties who were afraid of 
making the wrong decision. These few wanted to see the results of large-scale field tests of 
production-grade systems before making a decision. This approach results in vendors 
becoming more entrenched in supporting their existing products. The decision becomes 
more difficult over time, not easier. Despite a few holdouts, most people today realize that 
either line code could have worked well for ADSL and VDSL, but what was important was 
to quickly make a decision for one.!2? 


Long-time industry consultant, Ken Krechmer, instigated the process for an international 
standard that would allow for multiple line code standards to be deployed. Krechmer’s idea was 
to introduce an “etiquette” standard for line-code communication and require DSL systems to 
adjust to various standards. Krechmer’s idea was first approved in 2001, as Recommendation 
G.994.1 by the ITU. This standard provided “Handshake procedures for digital subscriber line” 
and made it possible for DSL systems to self-identify elements, such as line code, the way fax 
machines identified the equipment features they were talking with on the other end of a fax 
transmission. 


According to Krechmer, G.994.1 could help avoid the kinds of delays seen with VDSL by 
allowing both DMT and CAP standards to be implemented and deployed by allowing the market 
to choose which standard to use. However, Krechmer pointed out that this was a topic that split 
many standardization audiences as there were those who were extremely committed to a view 
that only one standard was acceptable. 


5. Conclusions 


These case studies suggest a variety of lessons about competition between firms in SSOs. This 
section reviews these critical lessons: 


e Standard-setting bodies play a vitally important role in many high-technology industries. 
Because innovations are typically not developed “out of whole cloth” by a single firm, 
but rather draw together technologies developed in multiple firms and institutions, the 
coordination role played by these organizations is critical. This point has been repeatedly 
emphasized in the theoretical literature on standardization, beginning with Farrell and 
Saloner (1988). 


e The standardization process can lead to the selection of superior technologies, 
particularly in cases, such as the xDSL one described above, where the parties commit to 
employing the technologically superior alternative. This may particularly be true in cases 
where academic scientists play an important role and in the early days of 
standardization. But in many recent cases, as the 802.11 case suggests, the situation is 
more complex. 





122 Kim Maxweek, Hans Erhard-Reiter, Bill Rodey, Tom Starr, “Reflections on a Decade of Accomplishments (An Essay 
from the Presidents of the DSL Forum),” DSL Forum, December 7, 2004, 
http://www.dslforum.org/dslnews/pdfs/reflections.pdf, April 17, 2006. 
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A critical reason why the debate over technological choices in the standardization 
process is so contentious relates to the implications of these decisions. In many cases, 
seemingly narrow technical choices have profound implications for the types of services 
that can be offered by firms, and the types of firms that will be most effective in offering 
these features. 


e The standardization process depends critically on consensus: for instance, many groups 
require supermajorities of participants approve a new technology. These requirements 
can lead to delays, as parties fight for their preferred alternatives, and to the adoption of 
standards that are so general (e.g., that allow so many alterative implementations) as to 
provide little guidance to firms. This observation seems very consistent with the 
protracted standardization process depicted by Farrell and Saloner (1988). 


e These conflicts appear to be particularly intense in settings where two competing 
technological approaches emerge early in the standard-setting process. In these instances, 
the process of “horse-trading” and compromise that frequently characterizes the 
standard-setting process is no longer as effective. Farrell (1996) and Simcoe (2003) 
suggest that these are precisely the settings where delays should be most substantial. 


e The impact of standardization rules on standard setting was frequently unanticipated. 
For instance, opening participation in the standardization process to any member 
facilitated “packing” of the relevant committees by corporations who wanted to insure 
that the standard they backed received sufficient support. 


e Insome cases, the rules of standard-setting bodies may be successfully exploited by firms 
with a stake in existing or alternative technologies to block the adoption of a new 
standard by the body. In these cases, the well-intentioned rules behind the 
standardization process may become self-defeating. 


e At the same time, the xDSL case suggests that, at least in some forums, technical strength 
can win out over traditional market power. More generally, the dynamic nature of the 
standard process meant that players’ influence can wax and wane as the standard 
evolves. In both of these examples, the standardization process took years, and new 
iterations built on prior standards. A brand new player could enter and win, or an old 
player could lose out and then re-emerge. 


e There are no formal limitations on firms’ ability to form a separate standard-setting effort 
outside the umbrella of an existing group. These break-away firms need to consider a 
trade-off highlighted in Lerner and Tirole (2006): whether the ability to dictate a standard 
makes up for the loss of the certification, or “stamp of approval,” provided by an 
established standardization body. This decision is likely to depend critically on the 
attractiveness of the technology and the size of the market. 


While these cases certainly do not exhaust the interesting issues around competition between 
firms in the standard-setting process, it is our hope that they shed more light upon the processes 
at work. 
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Exhibit 1 Total Wi-FI Chipset Market: Unit Shipment and Revenue Forecasts (World), 2002- 
2008 
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Source: “WiFi and WiMax Chipset Market,” Frost & Sullivan, August 3, 2005. 


Exhibit2 Brief History on the Institute of Electrical and Electronics Engineers 


The IEFE came into being in 1963 out of the merger of two electrical engineers’ professional 
societies: the American Institute of Electronic Engineers (first meeting held in 1884) and the 
Institute of Radio Engineers (IRE, formed in 1912). Both groups were concerned with issues of 
standardization from their founding; the report of the IRE’s first Standardization Committee, 
published in 1913, dealt with definitions of terms, letter and mathematical symbols and methods 
of testing and rating equipment. The IRE began coordinating its standards activities with radio 
and electrical trade associations as early as 1913. The IRE also cooperated with the Federal 
Government in the development of regulations for the broadcasting industry, helping to form the 
Federal Communications Commission (FCC, formerly the Federal Radio Commission) under 
President Herbert Hoover, and with the Radio and Television Manufacturers Association, formed 
the Joint Technical Advisory Committee, reporting on FM broadcasting, television interference 
and standards of good engineering practice. The IRE also worked with the National Television 
System Committees on Standards for commercial black and white and color television service. 


The IEEE had a decentralized organization, with a small board of directors with an executive 
committee, a professional group system, a vast network of student groups and two 
publications — Spectrum and Proceedings —both launched in 1964. 


In 1973, the IEEE adopted a new constitution that revised its mission from being a “learned 
society, concerned only with the advancement and dissemination of knowledge,” to become a 
“professional society” concerned with the non-technical as well as technical interests of its 
members.> 


Source: Casewriter research. 


a The IRE was formed from the merger of Society of Wireless Telegraph Engineers (SWTE) and The Wireless Institute in 
1912. 


b “The origins of the IEEE,” (1984) 
http://www. ieee.org/organizations/history_center/historical_articles/history_of_ieee.html, April 5, 2006. 
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Exhibit 3 List of 802.11x Standards 


IEEE 802.11 - The original 1 Mbit/s and 2 Mbit/s, 2.4 GHz RF and IR standard 
IEEE 802.11d - international (country-to-country) roaming extensions 
IEEE 802.11F - Inter-Access Point Protocol (1 APP) 


IEEE 802.11h - 5 GHz spectrum, Dynamic Channel/Frequency Selection (DCS/DFS) and Transmit Power 


Control (TPC) for European compatibility 


IEEE 802.11j - Extensions for Japan 

IEEE 802.11k - Radio resource measurements 

IEEE 802.11p - Wireless Access for the Vehicular Environment (WAVE) 
IEEE 802.11r - Fast roaming 

IEEE 802.11s - Wireless mesh networking 

IEEE 802.11T - Wireless Performance Prediction (WPP) 

IEEE 802.11u - Interworking with non-802 networks 


IEEE 802.11v - Wireless network management 


Source: Casewriter research. 


Exhibit 4 Basic Principles Guiding Standards Setting at the IEEE 


Due process, which means having highly visible procedures for standards creation and 
following them. Procedures are set by the IEEE-SA Standards Board, the IEEE Societies 
that sponsor standards, and the working groups that actually formulate standards. 


Openness, which ensures all interested parties can participate actively in the IEEE 
standards development process. 


Consensus, which holds that a clearly defined percentage of those in a balloting group 
vote to approve a draft of a standard. 


Balance, which ensures that balloting groups include all interested parties and avoid an 
overwhelming influence by any one party. 


Right of appeal, which allows anyone to appeal a standards development decision at any 
point, before or after a standard has been approved. 


Source: http:/ /standards.ieee.org/announcements/bkgnd_stdsprocess.html, April 12, 2006. 
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Exhibit5 Chart of IEEE 802.11 Organization 
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Source: www.ieee.org. 
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Exhibit 6 Content from Slides on Patent Information Presented at the Beginning of Every IEEE 
Working Group Meeting: Slide #1 


Instructions for the WG Chair 


e At Each Meeting, the Working Group Chair shall: 
e Show slides #1 and #2 of this presentation 
e Advise the WG membership that: 


+ The IEEE’s patent policy is consistent with the ANSI patent policy and is 
described in Clause 6 of the IEEE-SA Standards Board Bylaws; 


¢ Early disclosure of patents which may be essential for the use of standards under 
development is encouraged; 


¢ Disclosures made of such patents may not be exhaustive of all patents that may 
be essential for the use of standards under development, and that neither the 
IEEE, the WG, nor the WG Chairman ensure the accuracy or completeness of any 
disclosure or whether any disclosure is of a patent that, in fact, may be essential 
for the use of standards under development. 


e Instruct the WG Secretary to record in the minutes of the relevant WG meeting: 
¢ That the foregoing advice was provided and the two slides were shown; 


+ That an opportunity was provided for WG members to identify or disclose 
patents that the WG member believes may be essential for the use of that 
standard; 


+ Any responses that were given, specifically the patents and patent applications 
that were identified (if any) and by whom. 


Source: IEEE-SA Standards Board, March 2003 (revised February 2006). 
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Exhibit 6 (continued) Content from Slides on Patent Information Presented at the Beginning of 
Every IEEE Working Group Meeting: Slide #2 


IEEE-SA Standards Board Bylaws on Patents in Standards 


6. Patents 


IEEE standards may include the known use of essential patents and patent applications 
provided the IEEE receives assurance from the patent holder or applicant with respect to patents 
whose infringement is, or in the case of patent applications, potential future infringement the 
applicant asserts will be, unavoidable in a compliant implementation of either mandatory or 
optional portions of the standard [essential patents]. This assurance shall be provided without 
coercion. The patent holder or applicant should provide this assurance as soon as reasonably 
feasible in the standards development process. This assurance shall be provided no later than the 
approval of the standard (or reaffirmation when a patent or patent application becomes known 


after initial approval of the standard). This assurance shall be either: 


a) A general disclaimer to the effect that the patentee will not enforce any of its present 
or future patent(s) whose use would be required to implement either mandatory or optional 
portions of the proposed IEEE standard against any person or entity complying with the 


standard; or 


b) A statement that a license for such implementation will be made available without 
compensation or under reasonable rates, with reasonable terms and conditions that are 


demonstrably free of any unfair discrimination. 


This assurance is irrevocable once submitted and accepted and shall apply, at a 


minimum, from the date of the standard’s approval to the date of the standard’s withdrawal. 


Source: I[EEE-SA Standards Board, March 2003 (revised February 2006). 
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Exhibit 6 (continued) Content from Slides on Patent Information Presented at the Beginning of 
Every IEEE Working Group Meeting: Slide #3 


Inappropriate Topics for IEEE WG Meetings 


e Don’t discuss the validity/essentiality of patents/ patent claims 

e Don’t discuss the cost of specific patent use 

e Don't discuss licensing terms or conditions 

e Don’t discuss product pricing, territorial restrictions, or market share 

e Don’t discuss ongoing litigation or threatened litigation 

e Don’t be silent if inappropriate topics are discussed... do formally object. 


If you have questions, contact the IEEE-SA Standards Board 
Patent Committee Administrator at patcom@ieee.org or visit 
http;//standards.ieee.org/board/pat/index.html 


This slide set is available at 
http;//standards.ieee.org/board/pat/pat-slideset.ppt 


Source: IEEE-SA Standards Board, March 2003 (revised February 2006). 
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Exhibit 7 The Evolution of Modem Technologies 
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Source: Adapted from Thomas Starr et al., Understanding Digital Subscriber Line Technology, (Upper Saddle River, N.J.: 


Prentice Hall, 1999), p.7. 
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Exhibit 8 DSL Reference Architecture 
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end of the local loop. 


TE: Terminal Equipment— 
End-user equipment such as 
a personal computer or a 
telephone. 





DSL standards setting organizations are responsible for CO to NID 


Source: Thomas Starr, Massimo Sorbara, John M. Cioffi, Peter J. Silverman, DSL Advances, (Upper Saddle River, N_J.: 


Prentice Hall, 2002) p. 3. 
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Exhibit 9 Sample Business Applications with DSL 





Downstream Upstream Willing Demand 
Application Rate (kb/s) Rate (kb/s) to Pay Potential 
High definition TV (HDTV) Up to 24,000 0 H? M? 
Broadcast video 1,500-6,000 0 L H 
Premium video channel 1,500-6,000 0 M 
Pay-per-view video 1,500-6,000 1 M 
Movies on demand 1,500-6,000 9 H M? 
Music on demand 384-1,500 9 L M? 
Video phone 128-1,500 128-1,500 H 
Video games (multiplayer) 64-1,500 64-1,500 M 
Medical consultation at home 384-1,500 384-1,500 M L 
Voice telephony 16-64 16-64 M H 
Facsimile 9-128 9-128 M H 
LAN interconnection 384-10,000 384-10,000 M M 
Video phone (desktop) 384-1,500 384-1,500 H E 
Video conference (conference room) 384-3,000 384-3,000 H L 
Remote video surveillance 128-1,500 1 M L 
Tele-radiology (x-ray, etc.) 1,500-12,000 128-12,000 H L 


4H=High; M=Medium; L=Low 
b Downstream is towards the user; upstream is towards the network. 


Source: Adapted from Thomas Starr et al., Understanding Digital Subscriber Line Technology, (Upper Saddle River, N.J.: 
Prentice Hall, 1999) p.19-20. 
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Exhibit 10 Some excerpts from patent materials related to ADSL and DMT 


On June 12, 1992, Cioffi and Jacky Chow (co-worker and former graduation student) filed a 
patent for “Method for equalizing a multicarrier signal in a multicarrier communication system.” 


The patent was approved, February 8, 1994, and given number 5,285,474. This was assigned to 
The Board of Trustees of the Leland Stanford, Junior University (Stanford, CA), where Cioffi 
served as faculty member. 


“A method for optimizing a set of equalizer parameters of an equalizer to be used to 
equalize a multicarrier data signal that has been transmitted through a distorting channel, 
comprised of the steps of initializing the parameters, repeatedly sending a training 
sequence through the channel to the receiver, using the equalizer parameters, the received 
sequence, and a local replica of the training sequence to update a set of channel target 
response parameters, windowing the channel target response parameters, using the 
channel target response parameters, the received sequence and the local replica to update 
the equalizer parameters, and windowing the equalizer parameters. This training process 
is repeated until a predetermined convergence condition is detected.” 


On April 14, 1994, Cioffi submitted a patent application for “ADSL compatible discrete multi- 
tone apparatus for mitigation of T1 noise”, which was issued on May 21, 1996 as patent number 
5,519,731. 


Cioffi also filed a patent application on June 7, 1995, for “ADSL compatible discrete multi- 
tone apparatus”. The patent was issued on September 30, 1997 with a description as follows: 


“The present invention relates generally to systems for the transmission and reception 
of multi-carrier, high speed data signals. More particularly, a discrete multi-tone (DMT) 
system having a widened bandwidth is described. 


At the time of this writing, the Alliance For Telecommunications Information Solutions 
(ATIS), which is group accredited by the ANSI (American National Standard Institute) 
Standard Group, has finalized a standard for the transmission of digital data over 
Asymmetric Digital Subscriber Lines (ADSL). The standard is intended primarily for 
transmitting video data over ordinary telephone lines, although it may be used in a variety 
of other applications as well. The standard is based on a discrete multi-tone transmission 
system. Transmission rates are intended to facilitate the transmission of information at 
rates of at least 6 million bits per second (i.e., 6+ Mbps) over ordinary phones lines, 
including twisted-pair phone lines. The standardized discrete multi-tone (DMT) system 
uses 256 “tones” that are each 4.3125 kHz wide in the forward (downstream) direction. 
That is, in the context of a phone system, from the central office (typically owned by the 
telephone company) to a remote location that may be an end-user (i.e., a residence or 
business user).” 


Source: Materials adapted from United States Patent and Trademark Office, available at http://www.uspto.gov/, April 
17, 2006. 
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Exhibit11 Stanford’s Office of Technology Licensing Patent History 


According to Stanford University’s website, four patents related to Discrete Multi-Tone 
(DMT), which were derived from work by Professor John Cioffi and his research groups, made it 
to the list of Stanford’s top 10 Inventions and generated $2.6 million in revenue during 2002. The 
relevant patents are described as follows: 


1. A Reception Apparatus for Reducing the Complexity of Multicarrier Demodulators, 
Stanford Docket 592-019 


2. A Band-Optimized Digital Modulation and Error Correction Apparatus for High 
Speed Data Transmission, Stanford Docket 592-018 


3. Method and Apparatus for Reduced Complexity Parametric Estimation of Echoes in 
Duplex Data Transmission, Stanford Docket 591-040 


4. A Programmable Viterbi Signal Processor for Viterbi Detection, Stanford Docket 590- 
099 


Stanford’s website reports: 


These four patents, licensed as a package, were invented by Professor John Cioffi and his 
research group. The patents relate to Discrete Multi-Tone (DMT) technology, which enables 
high-speed data transmissions over telephone lines. DMT technology is used in Asymmetric 
Digital Subscriber Line (ADSL) standards of ANSI, ITU, and ETSI. ADSL modems can send 
information at rates 30 to 50 times faster than the 56K analog modems. 


In 1992, OTL issued an exclusive license to these four patents to Amati Communications 
Corporation, which was founded by Cioffi. In 1995, Amati merged with ICOT. In 1998, Amati 
was acquired by Texas Instruments (TI). Stanford renegotiated the exclusive license with TI to 
enable them to sublicense all interested parties on a fair and reasonable basis. 


Reference: Top 10 Stanford Inventions, Office of Technology Licensing, 
http://corporate.stanford.edu/innovations/invent.html 


NOTE: When Amati was sold to Texas Instruments in 1997, Stanford held stock in Amati that was valued at $8 million. 
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Exhibit12 ATIS Organizational Structure (partial excerpt) 


ATIS 
Board of Directors, Board Committees Forums, Members Staff 
























































Performance, | Interoperability | | Circuit Switched and Multimedia Packet 
Reliability, and Plant Infrastructure Based 
Security | Networks 











Network Interface, 
Power, and 
Protection Committee 
(formerly 
T1E1) 
Access, Interfaces, 
power, spectral 
compatibility, 
And electrical 


DSL Standards protection standards 


Setting 





Source: Adapted from Appendix B, ATIS Operating Procedures (version 4.0), January 3, 2006, 
www.atis.org/ ATISop.pdf, April 17, 2006. 


48 


Exhibit 13 Standards Setting Organizations Key to DSL 


VDSL: T1.424 








caren’ na SHDSL: G.991.2, 
HDSL4 





2000 


1999 


| ITU Certified Standard: 


HDSL2 T1.418 


1998 
ADSL T1.413 issue 2 





1995 
ADSL T1.413 


| ATIS/ ANSI Certified Stand 


1992 
High performance DSPs 


1986 





ISDN T1.601 


DDS, T1, and E1 carrier 


Voiceband modems 





Source: Adapted from Thomas Starr, Massimo Sorbara, John M. Cioffi, Peter J. Silverman, DSL Advances, (Upper Saddle 
River, N.J.: Prentice Hall, 2002), p. 6. 
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Exhibit 14 DSL Features and Comparison 








XDSL Technology ADSL Full Rate HDSL, HDSL2, SDSL SHDSL 
HDSL4 
Data rates 192k-8 Mb/s DS 1.5 Mb/s symmetric 256k-2 192 k-23 Mb/s 
symmetric symmetric 
64-900 kb/s US 
Loop reach mixed 15 kft reach at lower HDSL and HDSL2—9 |16 kft @ 256kb/s,| 20 kft @ 256 kb/s, 
gauge wire rates 7 kft @ 1.5 Mb/s 9 kft @ 1.5 Mb/s 
Principle Applications Internet Access, Data Data, Voice Trunking Data, Voice 
Modulation DMT 2B1Q-HDSL 2B1Q TC-PAM 
TC-PAM-HDSL2&4 
Standard ITU - G.992.1 ITU G.991.1-HDSL None ITU G.991.2 
ANSI/ATIS - T1.413 T1.418-HDS2 
Number of wire pairs One Pair 2 pairs: HDSL, One pair One pair = (2-pair 
HDSL4; 1 pair: HBSL2 doubles the bit rate) 
DS: 


Downstream — data rate towards the customer. 


US: Upstream — data rate from the customer. 


Symmetric: Same data rate in both directions. 





VDSL 


12-52 Mb/s DS6- 


26 Mb/s symmetric 


3 kft @ 26 M/4M 


1 kft @ 26 Mb/s 
symmetric 


Video, 
Access, Data 


Internet 


Multiple (CAP, 
QAM, DMT, FMT) 


T1 
Trial use standard 


One pair (1, 2, or 4 


pairs in EFM area) 


Source: Adapted from Thomas Starr, Massimo Sorbara, John M. Cioffi, Peter J. Silverman, DSL Advances, (Upper Saddle River, N.J.: Prentice Hall, 2002) p. 8. 
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